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In 80% of the Cases, open squirrel-cage in- 
duction motors meet the need. They fit most 
drives, and can be obtained in numerous 
standard and special designs to meet varying 
conditions of starting torque, slip, etc. They 
are also the most economical type to buy and 
to maintain. Allis-Chalmers builds induction 
motors in sizes from 1/4 to 10,000 hp — or 
higher, if needed. 
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is d-c Available? Then adjustable speed op- 
eration is easily obtainable. Allis-Chalmers 
builds d-c motors from 14 to 10,000 hp and 
higher — for constant or adjustable speed 
duty in ranges of 6:1 and lower. By means 
of a source of d-c voltage, adjustable speed 
motors may also be designed to operate over 
a speed range as high as 30:1. Suitable for 
fans, elevators, etc. 


For Tough Starting Conditions, wound-rotcr 
induction motors are recommended. Their 
high starting torque, at comparatively low 
starting current, and their controllable speed 
characteristics are desirable in drives for 
conveyors, grinding mills and other tough 
starting assignments. Compact, accessible 
Allis-Chalmers wound rotor induction mo- 
tors range in size from 5 to 10,000 hp. 





For Slow Speed, direct-connected drives as 
low as 75 rpm, or other constant speed ap- 
plications at higher rpm, synchronous motors 
are a good solution. They are of particular 
benefit when a system’s power factor is low, 
since they can be furnished for operation at 
either unity or leading power factor. From 
40 hp to 50,000 hp and higher — in bracket 
bearing, pedestal bearing, or engine types. 





Select from the Complete Allis-Chalmers Line! 


N” JUST FOLLOWING popular choice 
and using a standard squirrel cage 
induction motor. But the right motor 
for economy and efficiency. 

That means an overall knowledge of 
all types of motors . . . their operation 
. . - limitations . . . maintenance. And 
there’s where your A-C representative 
can be a big help. His recommendations 
ate backed by experience . . . and the 
Allis-Chalmers motor he selects is itself 
backed by 50 years of experience in mo- 
tor design and building. ALLIs-CHAL- 
MERS, MILWAUKEE 1, WIs. A 2304 


/ALLIS- CHALMER’ 
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If you need a motor for timing, chart drive, or 
similar low-power application, fit this motor into your 
plan. The Bodine Type K Motor is ideal for many 
such hard-to-get-at installations because of its com- 
pact design and extreme dependability. It has distrib- 
uted windings and ball bearings for versatility of 
application. Either synchronous or nonsynchronous 
types are available, with or without integral speed 
reducers, in ranges from 1/750 to 1/2000 hp. 


CAREFUL WORKMANSHIP 
All Bodine motors are carefully constructed to high 
quality standards throughout. Operating parts of 
these motors are designed to provide long life with 
a minimum of attention. 


WIDE VARIETY 


Bodine motors and speed reducer motors are avail- 
able in over 3000 standard specifications to meet the 
needs of product designers and engineers. They have 
provided designers with a cnuiates source of oper- 
ating power for over forty years. Bodine Electric 
Company, 2258 W. Ohio St., Chicago, IIl. 


BODINE 
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Here’s a motor for YOUR APPLICATION 





TYPICAL APPLICATION 
















Brenkert Radarc Lamp, manufactured by Brenkert 
Light Projection Company, Detroit, Michigan. 












The Brenkert Radarc Projection Lamp is used 
as a light source for the projection of motion 
pictures in theatres where the carbon arc is em- 
ployed. The Radarc is the newest design in a 
series of such lamps which have used Bodine 
motors for over twenty years to provide proper 
movement of the carbons which produce the 
arc light. 
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HORSEPOWER MOTORS 
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This Month’s Cover: Slitter used in the 
production of mainsprings for watches. 


The machine cuts alloy strip into proper 





widths for mainsprings. Because of the 
extreme hardness of the alloy, perfected 
by the Elgin National Watch Co., special 


equipment was designed to process it. 
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What things do you think of when we say ‘aluminum’? 


When asked that question ina 
recent survey, 92% of the people inter- 
viewed replied: “Pots and pans.” 


On the other hand, Jess than 4% men- 
tioned such aluminum “naturals” as roof- 
ing and siding, heating and ventilating 
equipment, gutters and down-spouts, 
busses, garage doors, garden tools, home- 
trailers. 

What does this mean? 

Simply that while aluminum has 
proved itself the successor of other 
metals in hundreds of applications 
. .. public awareness has largely re- 
mained at the pot-and-pan level. 


And without awareness, how can there 
be demand? 


To increase consumer awareness of alu- 


DISTRIBUTED BY PERMANENTE PRODUCTS COMPANY, KAISER BLDG., OAKLAND, CALIFORNIA. . 


minum products... to interpret them in 
terms of better living and thus create 
demand ... is the objective of the above 
advertisement and the many that will 
follow. 


They will appear, in full color, in such 
top-read magazines as Saturday Evening 


Post, Newsweek, Collier’s, Time, Sunset, 
reaching a total audience of over 30 mil- 
lion every month! Such advertising, we 
believe, is bound to influence the buy- 
ing habits of a big share of this audience. 


Which will mean a lot more business 
for the makers of aluminum products. 


Ready to serve you—Za@ay... 


Kaiser Aluminum 


a Permanente Metals product 


. WITH OFFICES IN: 


Seattle, Wash. Oakland, Calif. Los Angeles, Calif. Dallas, Texas Wichita, Kan. Kansas City, Mo. St. Louis, Mo. Atlanta,Ga. Minneapolis, Minn. Milwaukee, Wis. 
Chicago, Ill. Cincinnati, Ohio Cleveland, Ohio Detroit, Mich. Boston, Mass. Hartford, Conn. Buffalo, N. Y. New York City, N. Y. Philadelphia, Penn. Washington, D. C. 
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All speeds — top to zero. 


Extreme compactness. 


Out WON = 
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Early deliveries 


with or without built-in motor 





Close speed-holding over a wide range. 
Rapid reversal where wanted without stopping motor. 


Multiplied torque at low speeds. 
Accurate return to pre-set speed. 


* | 
ONLY ¢ 








gives you all 6 features-in a variable speed drive 


* at a price that keeps your machine competitive! 


Now the machine you build can have all the advantages 
of a full speed range — from top to zero (plus reverse 
where wanted)—and still be sold competitively. Graham 
tices have been reduced more than half by simplified 
esign and volume-production economies. Some models 
are priced as low as $50 (without motor.) That means 
you can apply the full advantages of Graham variable 
speed drive to low-power machines such as small tools, 
office machines, pumps, cutting 
torches, etc. — and still remain 


competitive as to price! Ber Coupled theter er 
Offset Drive. 





Graham is the only variable 
speed drive built as a straight 
line extension of a standard in- 
duction motor. It is a model of 
compactness, requiring no more 
fastenings than a single-speed 
motor. Model 40 (for 4 to % 
HP motors) and Model 15 (u 
to 4% HP) are available with 
ot without motors — see tables 
below — or with built-in paral- 
lel shaft or right-angle gear 
units, reductions, or step-ups; 
with speeds down to zero and a 
moderate reverse, or equal 
speeds both sides of zero. Wide 
choice of controls; direct or 


MACHINE Desicn—September, 1947 


e 
With built-in motor. 
Note that the built-in 
motor is ly de- 
signed to an in- 


Pes drive. oa 


. 
With built-in motor and 
built-in spur reduction 
or step-up. 

ey 


With built-in metor and 





In Lbs. 

Torque Overail 

Rating Dimensions 
B ; 





remote, includes: manual, micrometer, lever, switch, or 
selsyn types, or combinations according to requirements. 


Graham performance is poe by 8 years of success as 
standard equipment on leading machines. For complete in- 
formation, writeus for Bulletin 509, with prices and delivery. 


GRAHAM TRANSMISSIONS, INC. 
3754 N. Holton Street * Milwaukee 12, Wisconsin 





Approx. Ins. 





Model 
Input 
Speed 
Output 
Speed 
Range 
Lgth. incl 
shaft ext 
Width 
Height 
Motor H.P, 























Ih [is 3600 |1100/0 . -5| 8Y%4)/45_ | 55% [1/15 to Yo 














“Yao 3600 |1100/0| 30 | 60 |14%17 | 8 Ya to Ya 
: 15M 13600 |1100/0| 3.5| 7.5|11%|45%| 5% |1/15 to Ye 
40m . |3600]1100/0| 30 | 60 |19%|7 | 8 V4 to Yo 












































ime: ~ 
ISMRS [3600] 220/0| 15 | 35 |13 [4%] 6% |1/15 to Y 

LB, 40omrs |3600| 220/0|140 |280 |22 |7 hho Vs to Ye 
40MR2.8|3600| 400/0| 80 160 |2z |7 ho Ya to Ye 
15MS2.5|3600 [2750/0] 1.3| 2.8]13 |45%| 6% |1/15 t0 Ye 
40M$2.8|3600 |3100/0} 10 | 20 |22 |7 |10 Ya to Ye 




















{1 smw20 3600} 55/0) 35 75 |123%,|45%6 | 5% |1/15 to Ve 
15MW40/3600| 28/0] 60 [120 |1234,/4%| 55% |1/15 to Ve 












































{40mwe 3600 | 190/0}120 250 |24 |8'2 |10'%2 V4 to Ve 
40MW24/3600| 46/0/420 840 |24 |8%2)10'%, V4 to V% 

‘ [4omweo 3600} 19/0/800 {1700 {24 |8'/ |10'%, “Va to Y% 
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for the higher speeds, greater rigidity and 
improved quality of machine output demanded 
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An investment in machines of modern ball 
bearing design is an investment for faster, 


better production—lower costs! 


NEW DEPARTURE 


BALL BEARINGS 


ee ar ae. 


* DIVISION of GENERAL MOTOR e BRISTOL, CONNECTICUT 
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Wichita City Libra: 


Classified for convenience when studying specific design problems 


Design and Calculations 
Automatic flight, Edit. 116-120, 186 
Clutch, air-operated, Edit. 107 
Control for cycling induction heater, 

Edit. 147-148 
Feed, injection, for rubber, Edit. 107 
Hot-cold pipe, Edit. 109 


Latch releases, quick-acting, Edit. 110- 
115 


Lubrication, hydrostatic; oil cushions, - 


Edit. 127-131, 188, 190 
Photography, high-speed, Edit, 121-126 
Planetary gear Nomograph (data sheet), 

Edit. 155-156 
Powder metallurgy process, Edit. 139- 

146 
Servos, pneumatic and electric, Edit. 

132-138 
Steels, properties of (work sheet), Edit. 

157-167 
Styling, fundamental principles of, Edit. 

101-106 

Engineering Department 
Equipment, Edit. 180; Adv. 10, 23, 274 
Instruments, Edit. 180 
Supplies, Adv. 194, 259, 293 
Testing equipment, Edit. 121-126; Adv. 

278 

Finishes 
Electroplating, Adv. 88 
Protective coating, Edit. 108, 174; Adv. 
187 
Materials 
Aluminum alloys, Adv. 4, 29, 205 
Carbides, cemented, Adv. 90, 212 
Cobalt alloys, Adv. 44 
Copper alloys, Adv. 67, 68, 78, 237 
Glass, Adv. 48 
Molybdenum alloys, Adv. 189 
Nickel alloys, Adv. 43, 210 
Plastics, Adv. 100, 197, 198 
Rubber and synthetics, Adv. 18, 40, 185 
Silicones, Adv. 294 
- Steel, Edit. 157-167; Adv. 41 
Steel, stainless, Adv. 261 


Parts 
Balls, Adv. 274, 297 
Bearings: 
Ball, Adv. 6, 24, 206, 242, 257, 278, 
295 
Needle, Adv. 223 ; 
Roller, Adv. 11, 47, 199, 219, 254, 258, 
263, 282 
Sleeve, Edit. 170; Adv. 56, 171, 268, 
294 
Bellows, Adv. 89 
Belts and belting, Adv. 22, 61, 246, 296 


Bimetal parts, Adv. 69 
Brushes, Adv. 245 
Bushings, Adv. 92, 293 
Cable controls, Adv, 284 
Carbon parts, Adv. 209 
Castings: 
Centrifugal, Adv. 77 
‘Permanent mold, Adv. 32 
Sand, Adv. 228, 286 
Chains: 
Roller, Adv. 26, 27, 222, 229 
Silent, Adv. 273 
Clutches, Edit. 107; Adv. 57, 238, 255, 
271, 280, 282, 285 
Controls (see Electric, Cable, etc.) 
Counters, Edit. 172; Adv. 42 
Couplings, Adv. 30, 31, 87 
Electric accessories, Adv. 279, 281 


Electric controls: 
Contacts, Edit. 176 
Control assemblies, Adv. back cover 
Electronic, Edit. 147-148 
Relays, Edit. 168, 172; Adv. 265, 275, 
801 
Resistors, Adv. 70, 71 
Starters, Adv. 18, 224, 225 
Switches, Edit. 169, 174 
Timers, Edit. 169; Adv. 293 
Transformers, Edit. 176, 178 
Voltage regulators, Adv. 280 
Electric heating units, Edit. 170 
Electric motors, Edit. 168, 170, 172; 
Adv. inside front cover, 1, 15, 20, 21, 
33, 34, 38, 39, 45, 62, 63, 65, 66, 
73, 173, 177, 241, 249, 252, 272, 
282, inside back cover 
Electric collector rings, Adv. 276 
Electric servos, Edit. 116-120, 132-138 
Engines, Edit. 169, 170; Adv. 93, 192, 
204, 286, 291, 295 
Fastenings: 
Locking, Edit. 174; Adv. 35, 211, 243, 
283, 286 
Nuts, bolts, screws, Adv. 52, 58, 76, 82, 
183, 200, 202, 215, 216, 227, 232, 
250, 276, 302 
Rivets, Adv. 53 
Feeders, Edit. 174, 176 
Filters, Edit. 176; Adv. 54, 201 
Fittings, Edit. 169; Adv. 86, 193, 285, 
297 
Forgings, Adv. 49, 231 
Gages, Edit. 178; Adv. 299 
Gears, Edit. 155-156; Adv. 25, 75, 94, 
95, 244, 272, 281, 291, 294, 297 
Ground parts and equipment, Adv. 260 
Heating units (see Electric heating units) 


Hose (see tubing) 
Hydraulic and pneumatic equipment: 
Accumulators, Edit. 154 
Controls, Adv. 99, 288, 290 
Cylinders, Adv. 28, 51, 226, 289 
Pumps, Adv. 9, 36, 91, 96, 246, 256, 
291 
Servos, Edit. 132-138,154 
Valves, Edit. 154, 168, 170; Adv. 295 
Instruments, Edit. 172, 178 
Knobs, Adv. 284 
Latches, Edit. 110-115 
Lubrication and equipment, Edit. 127- 
131, 172, 186; Adv. 14, 19, 247 
Machined parts, Adv. 277 
Motors (see Electric motors) 
Mountings, vibration, Adv. 220, 264 
Nameplates, Adv. 240 
Pivots, flexible, Edit. 109 
Plastic parts, Adv. 283, 288 
Plugs, Adv. 64 


Pneumatic equipment (see Hydraulic and 
pneumatic) 

Powder-metal parts, Edit. 139-146; Adv. 
97 

Pulleys and sheaves, Adv. 80 

Pumps (see also Hydraulic and pneu- 
matic), Edit. 170; Adv. 285, 286, 
290 

Rings,. retaining, Adv. 59 

Rubber and synthetic parts, Adv. 207 

Screens, Adv. 275 

Seals, packings, gaskets, Edit. 168, 178; 
Adv. 2, 46, 74, 79, 175, 179, 209, 
253, 284, 290 

Speed reducers, Adv. 60, 72, 196, 213, - 
217, 288, 296 

Springs, Adv. 83, 251, 277, 287 

Stampings, Adv. 8, 85, 292 

Transmissions, variable speed, Edit. 154, 
168; Adv. 5 

Tubing, metallic, Edit. 176; Adv. 12, 50, 
55, 181, 195, 239, 287 ° 

Universal joints, Adv. 279 

Valves (see also Hydraulic and pneu- 
matic), Edit. 169, 174; Adv. 214, 
283 

Weldments and equipment, Edit. 176, 
178; Adv. 191, 203, 218, 230, 233, 
236, 262, 267, 289 

Production 

Heat treating, Edit. 147-148; Adv. 81 

Machines, special, Adv. 16, 17, 37, 190, 
221, 234, 235 

Powder metallurgy, Edit. 139-146 

Tools and accessories, Adv. 84, 289 


MACHINE DESIGN is indexed in Industrial Arts Index and Engineering index Service, both available in libraries generally. 


MAacHINE Desicn—September, 1947 





Each product pictured here incorporates a Lukens head 
—its designer had that shape in mind as he developed 
the rest of the product. As a result, the fabricator starts 
with a semi-finished product. Manufacturing time and 
costs are reduced. 

Heads are plate products, spun or pressed. The metal 
is sound, uniform in structure and dependable. Parts 
can be made lighter in weight. Products perform better 
and last longer. 

Designers often find that standard heads, already in 
Lukens stock or made from existing dies, meet their 
requirements. Where special shapes are required, we’re 
well equipped to supply nonstandard or intermediate 
sizes. C 

Our engineers welcome the opportunity to help 
designers “get a head start” with Lukens heads. For 
this help, or the 132-page Lukens manual “Flanging- 
Pressing” containing essential data on 3,868 heads, 
write today on your letterhead. Lukens Steel Company, 


418 Lukens Building, Coatesville, Pennsylvania. 


LUKENS 


FOUR INCHES TO OVER EIGHTEEN FEET IN DIAMETER 
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SIUPON FOR NEW BU 


gear Company 
W. Bruce St., Milwaukee 4, Wis. 


ase send me a free copy of Bulletin 44110 on the 
Oilgear Type “‘JK’’ Feed Pump. 











10 TYPES OF OZALID PRINTS 


and how you save by using them: 


With a new Ozalid Streamliner you do jobs far beyond the 
scope of any other reproduction process. 

Also, routine work is copied more efficiently because you 
always get a positive print from your original —on the type 


of Ozalid material you prefer. 


You have a choice of 10 types of prints instead of 1 be- 
cause OZALID employs a DRY DEVELOPMENT technique 
which greatly simplifies printmaking... permits use of a 
variety of sensitized papers, cloths, foils, and films—all of 
which you process exactly the same, in seconds. 


Here are the ten Ozalid “‘types’’ and some ways in which 
you'll save time, labor, and material by using them: 





ten 


1. OZALID BLACK-LINE 


2. OZALID BLUE-LINE ie 


3. OZALID RED-LINE 


























pars 


4. OZALID SEPIA-LINE 
5. OZALID DOUBLE-COATED SEPIA 


6. OZALID TRANSLUCENT CLOTH 


For ‘‘intermediates’’ which may be sub- 
stituted for originals in subsequent print 
production. Important savings in time and 
labor are realized when design changes are 
necessary: Obsolete lines are removed with 
Ozalid Corrector Fluid; changes drawn in 
and required number of prints made from 
““new”’ masters. 







For routine prints in the drafting room, shop, 
or Office. 

Anything drawn, typed, or printed on 
translucent material is reproduced with 
sharp, easy-to-read images on a white back- 





eee 


7. OZALID FOIL 


For composite prints: Details are printed 
on individual foils . .. and overlaid to pro- 
duce a print showing separate details in re- 
lation to each other. 

Ozalid Foil also produces faster-printing 
intermediates from old or worn originals, 
since it intensifies line detail. 





Gentlemen: Dept. 85 


Please send free Ozalid Stream- 
liner booklet 321 and the 10 types 
of Ozalid prints. 

















OZALID 


Division of 








Name 
General Aniline and Film Corporation 
Position Johnson City, New York 
Company. Ozalid in Canada 
Atteecs Hughes Owens Co., Ltd., Montreal 
10 















ground. 

By assigning identifying colors, you can 
distinguish prints of different departments... 
recognize checked from unchecked prints, 
etc. 


8. OZALID CHARTFILM 

For lustrous black-line reproductions on 
white plastic base, ideal for wiring dia- 
grams, instrument panels, etc. No protective 
covering is needed; can be cleaned with a 
damp cloth. 


9. OZALID OPAQUE CLOTH 


For extremely durable prints for shop use, 
files, etc. 





10. OZALID DRYPHOTO 


For almost instantaneous, high-quality re- 
productions of any photographic subject — 
in sepia, black, blue, or two-tone effect. 

Produce them from film positives (as il- 
lustrated above), which can be made from 
any of your negatives. Keep on file. Use 
when desired. 
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Inner ring directly mounted on precision turned or 
ground shafting assures greatest accuracy. 


f 


| Felt seals for grease lubrication or “Spiro-Seals” 
for oil or grease lubrication. 


Housings drilled and tapped for drain plugs on 
both sides. 








a Sturdy, compact, split housing provides conven- 
ience in mounting, lubrication and disassembly. 


] Permits different methods of lubrication, such as 
grease, constant level oil or circulating oil. 
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BALL AND ROLLER BEARINGS 


VISIT OUR EXHIBIT—NATIONAL MACHINE TOOL SHOW—CHICAGO, SEPTEMBER 16-17—BOOTH 652 
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YOU CAN SAVE MAN-HOURS 








e Your first saving is in easy, low cost fabrication 
because of the wniform walls of Carpenter 
Stainless Tubing. Bending, flanging, flaring, weld- 
ing, etc. can be done quickly and safely. 


This Tubing keeps equipment and parts on the 
job longer, with less time for replacement and 
repair. For with Carpenter Stainless Tubing you 
get more than standard analysis. We can provide 
special finishes for extra protection against cor- 
rosion and contamination...or even special 


analyses when needed. — 


To get the most from every dollar you invest 
in Stainless Tubing, make use of Carpenter’s 
20 years of experience with Stainless Pipe and Tube. 
Drop us a line about your specific problems. 


SELECTION, FABRICATION and USE 





To help you make full use of the properties of 
Stainless Tubing and fabricate it, the new 
Carpenter Stainless Tubing Data Book is avail- 
able to Engineering and Management executives. 
A note on your company letterhead will bring 
a copy to you... a 


THE CARPENTER STEEL COMPANY 


Alloy Tube Division + 115 Springfield Road, Union, N. J. 
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NEW MAGNETIC STARTER 














OVER 40 YEARS 
EXCLUSIVELY THE BEST 


OURN AVE., CHICAGO 23, ILL. 
Visit us at 


“, Booth 405_ 
“MACHINE TOOL SHOW 
CHICAGO, SEPT. 17-26, 1947 
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B-LINE MOTORS 
1/6 to 30 HP 


B-LINE GEARMOTORS 
All Standard and 
Special Ratios 


TOOLMASTER 
Electric Grinders 
Pedestal & Bench 


wail .~ MOTOR AND GEARMOTOR BULLETIN 
"ELECTRIC GRINDER BULLETIN 7000 


THE BROWN-BROCKMEYER COMPANY 


PLANTS AT DAYTON, WILMINGTON, WASHINGTON AND XENIA, OHIO 


GENERAL OFFICES, DAYTON 1, OHIO 


District Offices in Principal Cities 
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SMALL TOOLS 


Machinists’ Tools 


Testing and Gaging 
Equipment 

Cutters and Hobs 

Arbors, Collets and 
Adapters 

Screw Machine Tools 

Permanent Magnet 
Chucks 

Vises 

Pumps 

Other Useful Shop 
Equipment 


oF 


Lom a 








IN MACHINES and TOOLS 


MACHINE TOOLS 


* MILLING MACHINES 


Universal 

Plain (including 
Manufacturing Type) 

Vertical 


* GRINDING MACHINES 


Universal 
Plain 
Surface 
Cutter 
Tool 


SCREW MACHINES 


Automatic (including 
Screw Threading and 
Cutting-Off Type) 

Wire Feed 


New DEVELOPMENTS for increased efficiency in manufac- 
turing and toolroom operations will be shown for the first 
time at Booth 505. Come, see new ideas for improving pro- 
ductivity per man and machine. Get “first-hand” answers to 
your questions. Other well-known, time-tested Brown & 
Sharpe Machines, Attachments and Small Tools will be dis- 
played also ... a good opportunity to examine and compare 
all their features. You are cordially invited. Brown & Sharpe 
Mfg. Co., Providence 1, R. I., U. S. A. 


SHARPE © 
































SILIENT parts made from 

HYCAR American rubber 
resist the aging effects of air, 
sunlight, ozone, heat, cold, and 
all other types of oxidation. That’s 
why they stay resilient—and stay 
on the job for a long, long time. 


Other important properties of 
HYCAR American rubber are 
shown in the box at the right. 
And it’s important to know that 
these properties may be had in 
an almost limitless number of 
combinations—each compounded 


B. F. Goodrich Chemical Company 


EXGELLEA 
ABE REDIG ANGE 


to meet a given set of service 
conditions. 


We make no finished products 
of HYCAR. But we urge you to 
ask your supplier for parts made 
from this versatile material. You'll 
learn for yourself that it’s wise to 
use HYCAR—in difficult or rou- 
tine applications—for long-time, 
dependable performance. For 
more information, please write 
Dept. H N-9, B. F. Goodrich Chem- 
ical Company, Rose Building, 
Cleveland 15, Ohio. 


Hycar 


Reg. U S. Pat OF 


Ammuci Ru phew 














CHECK THESE 


SUPERIOR FEATURES OF HYCAR 


1. EXTREME OIL RESISTANCE — insuring dimen- 
sional stability of parts. 


2. HIGH TEMPERATURE RESISTANCE—vp to 250° 
F. dry heat; up to 300° F. hot oil. 


3. ABRASION RESISTANCE—SO% greater than 
natural rubber. 


4. MINIMUM COLD FLOW— even at elevated 
temperatures. 


5. i. a FLEXIBILITY — down to 


6. LIGHT WEIGHT—1I5% to 25% lighter than 
many other synthetic rubbers. 


7. AGE RESISTANCE—exceptionally resistant to 
checking or cracking from oxidation. 


8. HARDNESS an ene can be varied 
from extremely soft to bone hard. 


9. NON-ADHERENT TO METAL—compounds will 
not adhere to metals even after con- 
tact under pressure. (Metal ad can be 
readily obtained when desired.) 








A DIVISION OF 


GEON polyviny! materials * HYCAR American rubber ¢ KRISTON thermosetting resins ° GOOD-RITE chemicals 
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Mass Lubrication forMass Production 


made easy with 





CENTRO-MATIC LUBRICATING SYSTEMS 


Specifically engineered for flexibility of application, simplicity of installa- 
tion, and dependable operation, these single line centralized lubricating 
systems deliver oil or grease to bearings by positive displacement, under 
line pressure, providing greatest assurance of proper lubrication—in 
seconds instead of hours. All that is required is a Centro-Matic Injector 
for each bearing, arranged singly or in manifold, and connected by only 
a single lubricant line to a Centro-Matic Lubricant Pump. Illustrated 
below are the various types of injectors, pumping units and accessories 
from which a selection can be made to meet the particular requirements 
of a single machine or a battery of machines. 

You can give added sales appeal and top operating efficiency to the 
machine tools and industrial equipment you manufacture by including A Lincoln Centro-Matic System on a Die Casting Machine. 





TYPES OF INJECTORS... LB DD DDB te eee ete i i en) 


LINCOLN SERIES SL-3 INJECTORS 


Compact, space-saving design of the Series SL-3 Injectors makes 
them especially desirable when mounting space is limited, 













Injectors in manifolds of two, three and four units are provided 
where conditions favor 
group mounting. Dis- 
charge of Injectors is by 
positive displacement. Units include Adjusting 


LINCOLN SERIES SL-1 INJECTORS 


Available in two types, the No. 81713 for individual 
mounting and the No. 81713A for mounting in mani- 
fold. Injectors will handle lubricants ranging from 
machine oils to fibrous greases. Lubricant output i n : ; 
" adjustable vp to .04 ozs. Units include External Knob with spring clip-lock and Indicator Stem. 
Adjusting Nut, Indicator Stem, and Fitting for initial ot SL-3 Injectors may be mounted vertically or 
filling of feeder line and visible check on quantity ‘ horizontally, and any combination of same can 
of lubricant discharged. Manifold assemblies are available with from 2 to 5 be connected in series, as with the SL-] Injector. 
injectors, and may be mounted vertically or horizontally. Any combination of mani- . . 
fold units may be connected in series or mounted one above the other. Lbricent exvipet etjntatle up to 004 on. 


sg x 
Sage ee eee TYPES OF PUMPING UNITS... er Oe 


MODEL 1825 Automatic, MODEL 1840 Full Automatic, 
Air-Motor Operated Electric-Motor Operated Centro- 
Centro-Matic Lubrigun. Matic Lubrigun. Lubrication cycles 
Automatically controlled — eutomatically controlied by Timing 
lly timed. Contai Device. Motor—110 Volts A. C. 60 
capacity 60-Iibs. Unit has a cycle, single phase. Container ca- 
compact, totally-enclosed pacity 30 Ibs. 
pumping mechanism lo- 
cated beneath the lubri- 
cant container. , 





— a ee oe ee ee ee 
































MODEL 1827 Full Auto- 
matic, Air-Motor Operated 
Centro-Matic Lubrigun. 
For use with original 400-Ib. 
lubricant containers. Lubrica- 
tion cycles automatically 
controlled by automatic Tim- 
ing Device with signal alarm. 


MODEL 1806 Manually Operated 
Centro-Matic Lubrigun. Copacity 
10-Ibs. Has large button head fitting 





for attaching Filler Pump Hose. 











MODEL 1805 Manually 
Operated Centro-Matic 
Lubrigun. Capacity 2-Ibs. 
Has large button head 
fitting for attaching Filler 





A complete line of instalia- 
tion accessories—copper 
tubing, high pressure, flexi- 
ble lubricant hose, fittings, 
clips and everything needed 
to make the installation are 
available. 





Pump Hose. 






MODEL 1807 Portable, Manually Operated Centro-Matic Lubri- 
gun. Capacity 1-lb. Spring Primed. Unit includes 18’’ Whip Hose 
Assembly. 













42 we ee ee ee 





LINCOLN ENGINEERING COMPANY © ST. LOUIS 20, MO. 


Please give me information on Centro-Matic Systems for (type of 
machine). ss. Send me your new Centro-Matic 
Bulletin 801 [) Catalog on Industrial Lubricating Equipment. (1) 





Mail coupon for your copy of illustrated Bulletin No. 801. 
It gives you full information on the newest developments in 
Centralized Lubrication. Our lubrication engineers are ready 
to assist you in solving your lubricating equipment prob- 
lems. We invite you to make use of this service. 













Name 
Title 
Company BES re) Rsadiietiadana 
Address 
City 



































rere 
Pioneer Gulders of Engineered Lubricating Equipment 
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The most important advance 
im motor design in 58 YEARS... 








% STANDARD INTEGRAL 
MOTORS, FRAMES 326 TO 
203, NOW AVAILABLE 
FROM STOCK 


When Westinghouse engineers began designing a 
postwar motor they abandoned the concept that all 
motors must be cousins. Instead, they asked electric 
motor users what they wanted in motors .. . features 
they couldn’t buy in any one motor. 

These features demanded most by motor users are 
all incorporated in the new Life-Line Motors: 


ALL-STEEL PROTECTION. All frames, feet 
and brackets are HEAVY STEEL. Life- 
Line Motor stators are far stronger—a 
new core locking device eliminates 
rivets. 


Westinghouse 


PLANTS IN 25 CITIES... OFFICES EVERYWHERE 

















tne Med WESTIMUHUILEE, 


thick. 


More compact power is packed in Life-Line. For 


example, on the 284 frame, size has been reduced 
35%, although NEMA mounting dimensions have 
been maintained . . . starting torques are as much 
as 134% greater per pound of motor... maximum 
torques as much as 116% more per pound. 


Electrical characteristics have been improved ... 
new materials and new winding techniques give in- 


LESS SPACE PER HP. Life-Line Motors 
occupy less space per horsepower than 
any other standard motor ... making it 
easier to build into machines and in- 
stall in cramped quarters. 


MORE TORQUE PER LB. Life-Line Motors 
give as much as 134% higher starting 
torque per pound of motor... up to 
116% higher maximum torque. 


NO LUBRICATION FOR 5 YEARS. Life-Line 
Motors need no greasing Gor AT 
LEAST FIVE YEARS. Bearings are pre- 
lubricated . . . sealed against dirt and 
moisture. 









STEEL—frames at even the suhaliest sizes . 3%" 


py ened 


Westinghouse office can give you full details, ¢ 
write to Westinghouse Electric Corporation, P. O. — 
Box 2025, Buffalo 5, N. Y. : 
* * * 
Life-Line Motors are now in production at the new 
Westinghouse Motor Works in Buffalo, N. Y. This 
plant is laid out, tooled and equipped to fully utilize 
newly developed production processes and techniques 
on a scale hitherto unequalled in the manufacture 
of electrical motors, 







J-21406 


IMPROVED WINDINGS. New insulating 
materials .. . new coil winding tech- 
niques ... new stator slot designs ... 
give the Life-Line new record-setting 
protection against electrical failures. 


NEW QUIET SMOOTHNESS. Life-Line 
Motors cut vibration and noise to new 
low limits for standard motors .. . 
satisfy many “special motor’’ require- 
ments. 





NEW SLEEK LINES. The Life-Line has sleek 
lines ... a smooth finish . . . discourages 
dust end dirt accumulations ..» har- 
monizes with modern machine and 
tool design. 








ee 


ro a 
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Dayton Multiple V-Belt Drive transmits power to sand conditioning blade 


Drudgery of sand conditioning—the painfully 
slow method of shoveling—has been replaced by 
a modern, mechanized method. Now, a lawn 
mower type, cutting blade cylinder does the work 
easily, more uniformly. For fast, smooth and 
dependable power flow the designer specified a 
Dayton V-Belt Drive. And, as a result, uniform 
sand conditioning increases foundry production 
of better castings . . . at less cost per unit. 

This is another of the many examples of the 
flexibility of Dayton V-Belt Drives. The capacity 
of Dayton V-Belt Drives to perform in excess of 
standard requirements—under all operating con- 


Daut tan 


ditions—is another of the many reasons more 
industrial designers consistently specify Daytons 
for original equipment. A Dayton Power Trans- 
mission Specialist is ready to help you. Call or 
write: DAYTON RUBBER - DAYTON, OHIO. 


now! “Rayon Cords | 


PROVIDE DAYTON V-BELTS WITH 
1. Minimum Stretch 2. Greater Flex Strength 
3. Longer V-Belt Life 


%* Rayon cords are specially processed by ap te pha 
peers Belts to provide the most efficient and eco- 

nomical power transmission service for your machine 
aeeds. For the complete story write for booklet A-469. 


U5 Ifer 
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Bruning Model 91 
Volumatic Print- 
er- Developer for 
large volume pro- 
duction. 


Bruning Model 2 ty Printer 
with Model 153M BW Developer for 
small volume production. 


BRUNING 


CHARLES BRUNING COMPANY, INC. 
Since 1897 
NEW YORK . CHICAGO * «LOS ANGELES 


Atlanta « Beston « Cleveland + Detroit « Houston + Kansas City 
Milwaukee « Newark « Pittsburgh « St. Lovis * San Francisco « Seattle 
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JUST A FEW 


TO MAKE BRUNING 
BLACK AND WHITE PRINTS! 





When you choose a process for making direct-line 
prints, be sure to get one that your operators will 
like to use. The Bruning BW Process keeps oper- 
ators working at top-notch efficiency. That’s be- 
cause Bruning BW machines have no confusing 
gadgets to create mistakes and spoil work. And, 
of course, you need no plumbing connections for 
Bruning BW equipment—no ducts for dispelling 
unpleasant fumes. You can put it anywhere in the 
drafting room, engineering department or private 
office. 


AMAZING VERSATILITY! With the Bruning BW proc- 
ess, you can have prints either on cut sheets or roll 
stock—in amazing variety! For example, Bruning 
BW Prints can be made with black or colored lines 
on white backgrounds, or with black or colored 
lines on green or pink tinted backgrounds. BW 
Prints also can be made on card-weight or extra 
thin paper, on cloth or on transparent paper. 


PHOTOGRAPHIC PRINTS, TOO! Bruning BW ma- 
chines may also be used to produce photographic 
prints—making it possible to duplicate anything 
drawn, typed, printed or illustrated, as well as to 
make BW Prints. With the use of Copyflex mate- 
rials, Bruning machines copy tracings, line draw- 
ings, specifications, Van Dyke negatives, blue prints, 
etc. Original material with copy on both sides can 
be reproduced from either side or both sides. 


GET ALL THE FACTS ABOUT BW. Find out for yourself 
why so many users prefer to make direct process 
black line prints the simple, easy and pleasant 
way with the Bruning BW process. The coupon 
will bring you full information! 





] 
H CHARLES BRUNING COMPANY, INC. 
} 4726-44 Montrose Avenue 
] Chicago 41, Illinois 

} Gentlemen: I want to know more about Bruning BW Prints and equip- 
} ment. Please send me information. 


i 
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FOR THOSE WHO CAN AFFORD 


AND REQUIRE 


The World’s Only Ball Bearing with Honed Raceways 


HOOVER BALL AND BEARING COMPANY -- ANN ARBOR, MICHIGAN 
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GET THE BAST SOLUTION TO YOUR SMALL GEAR PROBLEMS 


[FRACTIONAL Ho, 
: $ 
a 





a 


SUBMIT THEM TO OUR SKILLED ENGINEERS 


If there was ever an organization of Small Gear specialists, this is it! 

We've been doing nothing else for more than twenty-five years. 

During their long, highly specialized experience, our engineers 

have developed a great number of intricate Fractional Horsepower 

Gears for many different, and often unique applications. You can 
The G-S Catalog Bulletin describes capitalize to your profit and advantage on the remarkable Small 
guity tet tne tak wisle- Gear KNOW HOW of this organization. Suggestions, ideas, 
tions of G-S Small Gears. Please osk and cost estimates do not obligate you to buy. May we help you 
for a copy on company stationery. solve a Small Gear problem soon? 





MEMBER OF 
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IS ACTUALLY 
ELASTIC? 





AND HERE’S WHAT THAT MEANS TO YOU. 
Where equipment is subject to momen- 
tary overloads and sudden strains, the 
inherent elasticity of roller chain helps to 
absorb those shocks, protecting your equip- 
ment from damage and excessive wear. 

We've actually proved that roller chain is 
elastic. With this testing machine, designed 
and built by our engineers, we stretch a 
small section of Baldwin-Rex Roller Chain 
about ¥% inch with each load application. 
We do this 10,000,000 times. Each time the 
chain must withstand the load and retract 
to its original length in order to meet our 
rigid specifications. 


Besides proving our point on elasticity, 


mts 0 
















this test gives us valuable data on perform- 
ance...on metal fatigue...and chain design 
that enable us to build the extra quality into 
Baldwin-Rex. It’s this combination of qual- 
ity, elasticity and positive action that makes 
Baldwin-Rex roller chain the most efficient 
drive for your machines. 


* * * 


When specifying roller chain for your machines, 
remember that you can simplify chain selection, 
generally cut costs and improve deliveries by 
specifying standard roller chains. Your Baldwin- 
Rex man will be glad to give you all the facts and 
help you with your application problems. Call him 
or write direct to Baldwin-Duckworth Division 
of Chain Belt Company. 





ROLLER. CHAINS 


BALDWIN-DUCKWORTH DIVISION OF CHAIN BELT COMPANY 


320 Plainfield Street, Springfield 2, Massachusetts 
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ECTROL’S CYLIND 
cturing more tha 
an aircraft. This 
means @ lot. lt goes 
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made-to-order job. 


ELECTROL CHECK VALVES are aveil 
ock valves meet many require- 
are made to fill 


able for every type of 


system. St 


ments. Special designs 


unusual demands. 


Whether it is a cylinder or a check valve, 


it has to be good to carry ELECTROL’S name. 


wRITE TODAY! ELECTROL ENGINEERS 


you regarding your 


will cooperate with 





CYLINDERS e¢ SELECTOR 


hydraulic requirements. 
VALVES « 
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They’re ALCOA Impact Extrusions 


These parts show you four of 
the many special designs that 
can be made by the impact 
extrusion process. In the wink 
of an eye a slug of Alcoa Alumi- 
num is walloped once—impact- 
extruded —to form the bodies 
of each of these parts. Then 
minor flanging and threading 
operations complete the jobs. 


Almost any symmetrical shell 
—round, oval, or square—can 
be made quicker, with much 
greater leeway in special design 
features, and at lower cost by 
the impact extrusion process. 

ALUMINUM COMPANY OF 
America, 1940 Gulf Building, 
Pittsburgh 19, Pennsylvania. 
Sales offices in leading cities. 


MORE people want MORE aluminum for MORE uses than ever 


Ps 
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HOW FALK 
STEELFLEX COUPLINGS 


cd 
(HOSS. 


1. Grooves, in a pre- 
cise arc, and with a 
r~dius and length pro- 
portional to the ca- 
pacity of the coupling, 
are cut into two identi- 
cal hubs of moderately 
high carbon steel— 
forged of Falk alloy 
cast steel. 


3. This grid fits snugly 
into the curved grooves 
cut into the hubs of the 
coupling. The grooves 
provide a scientifically 
cut bearing surface for 
the grid. This bearing 
surface extends from 
the outer to the inner 
edge of the grooves. 
The grid bears on the 
grooves in proportio 


. to the load. / 


5. Under normal loads, 
the grid bears on a 
larger area of the grid 
grooves and the span 
of the grid run is short- 
ened. It transmits more 
power and maintains 
its capacity to absorb 
shocks and dampen vi- 
bration. 


L. 


2: These grooves pro- 
vide a slot for a grid 
member made of 
chrome alloy steel with 
an elastic limit of 
180,000 pounds per 
square inch and an 
ultimate strength of 
220,000 pounds per 


cape 
square inch. 


4. Under light loads, 
the grid bears only at 
the outer edges of the 
grooves. This permits a 
long, free, elastic span 
between the outer 
edges of both hubs. 
Power is transmitted 
through almost the en- 
tire length of the grid 


/ 


6. Under peak loads, 
the grid rungs bear 
over almost all of the 
curved surfaces of the 
grooves. The span of 
the grid rung becomes 
very short. Under the. 
impact of shock loads 
the grid flexes and con- 
tinues to transmit power 
smoothly. 


Falk gives you, in the Steelflex Coup- 


ling, a plus-value coupling. Through 


the grid-groove design, the Falk Coup- 


ling transmits power with minimum loss 


because of angular and parallel mis-. 


alignment, and with free end float 


where desired. At the same time it pro- 


Nite l-< tm coladielslo] Ma-st1ll-lale =m taleh Mme] oh) of) 


shocks, dampens vibration, and cushions 


even severe peak loads. 








Why it costs 
to buy and 








FALK Steelflex Couplings 
offer proved economy 


No other coupling has all three 
advantages which combine to lower 
your total coupling costs 


1. Torsional Resilience: This ability to spread the peak of shock loads over a longer 
time reduces stresses in your connected machinery. It is provided by the Falk Steel- 


flex grid-groove design. 


2. Flexibility: The all-steel construction of the Falk Steelfiex Coupling assures greoter 


flexibility in actual service... and prolongs the working life of connected machinery. 


3. One Type for Most Uses: Improvements in design make it possible to meet practi- 
cally afl industrial installation requirements. This fact facilitates buying, replacing, — 
” ¥ o ES As 3 a . 








at 


__you far less 





maintain FALK couplings 


Key men in industrial plants everywhere are swinging, 
in increasing numbers, to Falk Steelflex Couplings— 
many of them because experience has taught them that 
it costs less to replace a grid than to replace an 
entire coupling! This means important savings. 


You can’t buy more economical couplings than Falk Steel- 
flex! For when an ordinary coupling fails, you must buy 
a complete new one—but should overstrain, overload 
or misuse damage the removable grid of a Falk Steel- 
flex Coupling, you replace only the grid, and pay for 
only a grid—not an entire new coupling. 


It is as simple as that. 


Falk Steelflex Couplings are precision built; they pro- 
vide both torsional resilience and flexibility; its newest 
improvements permit it to fill practically all industrial 
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Throughout Industry ... from Power 


| < 



















applications. And . . . maintenance costs are lower. 


When you need a new coupling, you need it badly— 
and immediately! Falk Steelflex Couplings are readily 
available in all parts of the country. Ample stocks are 
maintained by reliable selected distributors at strate- 
gic locations. They will help you select the proper Falk 
Steelflex Coupling by the Falk “three-dimensional” 
method—the scientific selective method based upon: 


1. THE SPECIFIC APPLICATION. 
2. HORSEPOWER OF THE DRIVING UNIT. 
3. OPERATING SPEED (RPM). 


If you want to inaugurate true coupling economy in 
your plant, start using Falk Steelflex Couplings now. 


ol te wg 


“to Production it’s... 





a good name 
in industry! 


THE FALK CORPORATION « Milwaukee 8 Wis. « Established 1892 
Precision manufacturers of Speed Reducers . .. Motoreducers ... Flexible Couplings... 
Herringbone and Single Helical Gears... Heavy Gear Drives... Marine Turbine and 
Diesel Gear Drives and Clutches . . . Steel Castings . . . Contract Welding and Machine 


Work. District Offices, Representatives, or Distributors in principal cities. 


















sor costs DOWN! 


Ss — often requiring no machining opera- 
more than a minimum .. . Castings made to 
close as + .010”... Castings of finer grain struc- 


ture tater strength and hardness, consistent uniformity. 





Such are aluminum alloy castings made by the Permite Perma- 
nent Mold process. They’re advanced, modern castings that 
step up profits by reducing finishing operations and helping 
hold labor costs to a minimum. 


With Permite Castings you can machine the full run of a part 
well within the tolerance, without tool resetting. And the greater 
tensile strength of these “precision-made” castings frequently 







permits thinner cross-sections, reducing weight and cost. 


It will pay you to investigate the cost-cutting possibilities of 
Permite Permanent Mold Aluminum Castings for your products. 
Submit blueprints for recommendations and quotations. 





PERMITE 
ALUMINUM INDUSTRIES, INC. 





CINCINNATI 25, OHIO 


ALUMINUM PERMANENT MOLD, SAND and DIE CASTINGS...HARDENED, GROUND and FORGED STEEL PARTS 
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For over 40 years we have been developing 
special motors for special jobs—our engi- 
neering department has a wealth of experience 


along this line — it is at your disposal. 


No matter what your electrical motor problem 


/ 


or requirements—we believe our engineering 
/ 
departmeht can serve you to your advan- 


tage. We earnestly solicit your inquiries. 


The LOUIS ALLIS Co. 
Milwaukee 7, Wis. 




















THE LOUIS ALLIS CO., MILWAUKEE 7, wis. 
























The Red Elastic Collar protects 


Connecting Rod Bearing 


prestressed settings against VIBRATION! 


Washington Iron Works engineers state, 
“We have found that the use of ESNA 
Elastic Stop Nuts on our Diesel connect- 
ing rod bearing bolts entirely eliminates 
the necessity of loosening or tightening 
the nut in order to use the cotter key lock 
—thereby eliminating uneven stresses in 
setting up the bearing bolts. We have also 
applied them to the cam shaft bearing 
bolts, the fuel pump rack assembly, and 
on the carefully adjusted fuel cams. The 
use of Elastic Stop Nuts has proved very 
satisfactory in all respects.” 

Drilled bolts are unnecessary with 
ESNA Elastic Stop Nuts. These nuts can 
be tightened to develop exactly pre- 


om Ow Gm 


PRODUCTS OF: ELASTIC STOP NOT CORPORATION OF AMERICA 


INTERNAL 
WRENCHING 
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determined bolt loadings. They automat- 
ically lock in position without trouble- 
some adjustments, 

In addition, they protect against Vibra- 
tion, Thread Corrosion, Thread Failure 
and Liquid Seepage. This multiple pro- 
tection helps achieve the double economy 
of inventory simplification and reduced 
procurement costs. ESNA Engineers are 
ready to study your fastener problems. 
Industrial distributors are stocked and 
ready to give prompt service. Address: 
Elastic Stop Nut Corporation of America, 
Union, New Jersey. Sales Engi- 
neers and Distributors are conven- 
iently located in principal cities. 








ON DIESEL ENGINES 


(OOK FOR THE RED COLLAR 
THE SYMBOL OF SECURITY 


It is threadless and dependably 
elastic. Every bolt—regardless of 
commercial tolerances—impresses 
(does not cut) its full thread con- 
tact in the Red Elastic Collar to 
fully grip the bolt threads. In ad- 
dition, this threading action prop- 
erly seats the metal threads—and 
eliminates all axial play between 
the bolt and nut. 


All ESNA Elastic Stop Nuts—re- 
gardless of size or type—lock in 
position anywhere on a bolt or 
stud. Vibration, impact or stress re- 
versal cannot disturb prestressed 
or positioned settings. 
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MORE of EVERYTHING. .. Except Complication 


.. in Gast Vacuum Pumps (to 28 in.), Compressors (to 30 lb.), and Air Motors (to 1 bh. p.) 
: For Original Equipment 





When you drop a match into an ash 
tray, you don’t put a spring behind it 
to MAKE it drop; it drops by itself. 
Gast design is like that. Instead of 
complicating matters with mechanical 
means for accomplishing ends, Gast 


uses the forces inherent in things them- 
selves. 


Example: A rotor rotates. In doing 
so it creates centrifugal force. In an 
armature that foree goes to waste. In 
a piston it doesn’t even exist. But in a 
Gast it — the air. (Or creates the 
vacuum. Or runs the motor.) 


Thus the Gast is remarkably free of 
valves, springs, rings, slides, guides, 
hinged members and the like. With ‘ 
design that doesn’t get in its own way WE. 98 
the Gast is direct and simple, finely \y \\ 4 
built, reasonably priced. With such de- 
sign the — is _ to give MORE 

und of weight, MORE per horse- Ny 7 D 
fore: MORE of whats wanted, «i (a oo) 
of power-consuming, mainten- y y 
ance-breeding complexity. 





ENGINEERING TEST OFFER 
.. $0 You Can SEE IF YOU'RE 
MISSING SOMETHING! 


Simply write our Engineering Department and 
explain the operation you think air might 
handle, or describe the job air is already 
doing for you. Our Engineering Department 
will study your problem, select or design 
Gast unit to do the specified work at less cost 
or ot greater efficiency or both. Then, without 
cost or obligation, the recommended unit will 
be shipped to you for your performance tests. 





























Vanes: Self-seati Our f weigh 
That is what makes the Gast prefer- sellvadjustialn ‘he ie aggimell ‘gb 
able as standard equipment on other springless. Centrifu- power. . . Farced- 
machines. How about yours? Better gal f rce holds them air cooling: long life, 
send now for the new Gast catalog. gainst cylinder wall. oil economy, no hot- is aay 
It’s full of ideas. Ihey ‘work without oil odor. . . Auto- : It not only tells how Gasts 
wor Continu- matic shaft seal: no : are built and all about them, 
ous, non-pulsating packing, no leaking, v \ but suggests uses that may 
GAST MFG. CORP. .. More airper no adjusting “Sia not ave occurred %0 you. 
107 Hinkley S ree: Write for it; no charge or 
‘ Ne obligation! 


Benton Harbor, Michigan 





pp 


Gast Vacuum Pump in a Tank Sump Cleoner A Gast Compressor is Tucked Inside this Powder Blower 





Gast Vacuum Pump in a Photographer's Portable Printer. 
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how 


proves a point 


In a few seconds you can demonstrate the difference between a 
sanded and a Superfinished surface. Here, on a small crankshaft for an 
outboard motor, a Superfinishing stone curved to the exact radius of the 
part is held by hand and oscillated as the shaft is rotated. In a matter of 
seconds, as shown below, enough “smear metal” (softened by grinding 
heat) is removed to reveal the grinder ridges and flats, feed spirals, 
chatter marks and other defects injurious to bearings. Because the Super- 
finishing stone is rigid, it corrects geometrical shape, whereas emery 
cloth, being pliable, merely polishes the surface. 
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GISHOLT CRANKSHAFT SUPER- 

FINISHER. All bearing surfaces 

on 6 or 8 cylinder crankshafts are 
superfinished simultaneously. 











BUR: i See aidan oS emai 


In a minute or less—ona Gisholt Superfinishing Machine—these sur- 
face defects will disappear, and a truly hard surface will be exposed. And 
the result is not only greater surface smoothness but a nearly perfect 
geometrical form. 

Superfinishing actually increases load carrying capacity by decreasing 
the depth of the oil film, Less heat is generated, the bearing is more 
efficient, longer lived. 


A very quick and inexpensive process, Superfinishing pays for itself 
many times over in better service and the elimination of bearing failures. 
A variety of Gisholt Superfinishing Machines is available for different 
types of work. Ask Gisholt engineers for complete information about 
them. 





GISHOLT MACHINE COMPANY 


1245 East Washington Avenue °* « Madison 3, Wis. 









See Gisholt 
Superfinishers 
S at work at the 

Machine Tool Show. 
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NOW 


an adjustable-speed 
a-¢ motor 


with TRI/CLAD 


REG. US. PAT. OFF. 


EXTRA PROTECTION 











Here’s a new motor that gives you all the advantages of 
an adjustable-speed drive PLUS the strength and extra 
protection of Tri-Clad construction. It’s the General Elec- 
tric Type ACA adjustable-speed Tri-Clad induction motor. 
Designed for use on machines where a 3-to-1 speed range 
is satisfactory, this new motor is simple in construction 


and is provided with finger-tip speed-changing control. 
Constant torque is available over the entire speed range. 
This new General Electric motor will be on exhibit at the 
Machine Tool Show. 


IMPORTANT FACTS | 
ABOUT THIS NEW 78//CLAD MOTOR 


SPEED RANGE: Infinitely adjustable over a 3-to-1 range by simply 
turning a knob. 

HORSEPOWER RATINGS: From 3 up to 50 hp. Inquire about larger 
ratings. 

CONSTRUCTION: Famous Tri-Clad construction features protect 
this motor against electrical breakdown, operating wear and tear, 
ahd physical damage. 





WHAT DO YOU WANT 
IN A MACHINE-TOOL TRANSFORMER? 


That’s the question we asked manufacturers throughout 
the country. The answers were carefully considered and 
the most practical features suggested are now incorporated 
in the design of the new line of 
General Electric machine-tool 
transformers. They are built to 
handle your jobs, according to 
your specifications, and yet are 
listed as standard stock items. 
Ten ratings, ranging from 
.075 to 3 kva, 60 cycles, 220/440 
volts, will meet most of your 
domestic requirements. Other 
25- and 50/60-cycle ratings will 
serve your foreign and unusual 
domestic applications. More on 
this new line in the next Designer’s Digest. Meanwhile, 
see them in the G-E exhibit at the Machine Tool Show. 





GENERAL @ ELECTRIC 
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see our new 
FEED-TRAVERSE 


gear-motor drive 


Are you designing a machine where a feed-traverse drive 
is required? Then you'll be interested in seeing how 
General Electric proposes to simplify your design prob- 
lems. By combining an adjustable-speed d-c motor, an 
induction motor, and a gear unit into one compact drive, 
both low adjustable-speed feed and high-speed traverse 
are available at one shaft. Complete feed-traverse in one 
package! ‘ 

This means the tool builder would not have to purchase 
separately, and assemble, motors and gear-reduction 
equipment. He merely mounts the factory-assembled 
package, plus necessary control, on his machine. The com- 
pact design enhances machine appearance and simplifies 
maintenance. General Electric invites your inspection of 
this drive at the Machine Tool Show. 
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NEW, SIMPLE POWER SUPPLY 
FOR YOUR HIGH-SPEED MOTORS 


Today the demand is for higher speeds on many grinding 
and drilling operations. As always, the power supply for 
high-speed motors to do these jobs is all-important. Sim- 
plicity is the word for the new General Electric Type AKC 
inductor frequency converter. This self-driven, self- 
excited machine consists of only one unit — a practically 
indestructible cast rotor revolving in a stator with two 
windings. Because there is no wound rotor, chances of 
burn-out are less. There are no slip rings or brushes to 
maintain. It is compact and requires less floor space than 
the two-unit type. It has fewer bearings and no couplings 
to look after. Once installed, it stays on the job with little 
fuss or bother. Examine this trim, sturdy, high-frequency 


. power supply when you visit the Machine Tool Show. 


STILL MAKING NEWS! 


Machine tool builders will find many familiar General Electric 

products at the Chicago Show. Look for these standbys in the 

General Electric booth: 

G-E THY-MO-TROL — Industry’s most successful electronically 

controlled drive, now available in standard ratings from 1/; to 30 

horsepower. 

G-E TRI-CLADS — More than ever, the motor that gives you extra 

protection where it’s needed. Over 5,000,000,000 motor hours of 

trouble-free performance. 

G-E FRACTIONALS — New designs with new performance features 

and the ability to build up customer satisfaction for you. 

G-E CONTROLS — Plugging switches, solenoids, limit switches, 

positioning control, general-purpose relays, and, of course, 

General Electric wire and cable to meet every requirement. 
Apparatus Dept., General Electric Co., Schenectady 5, N. Y. 
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PRODUCTS 
at Booth No. 240 
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SHEETS » EXTRUSIONS 
CUT AND MOLDED PARTS 


Component parts processed from Acadia Syn- 
thetics excel in many characteristics—including 
plasticity, elasticity, resilience, etc.—plus greater 
resistance to light, air, heat, wear, oil and age. 
Possible applications are almost unlimited. Acadia 
Synthetic Rubbers cut, mold and extrude to very 
close tolerances—in any shape, size or type. 

In checking specifications, you may find that 
the original part, re-designed in an Acadia Syn- 
thetic, gives superior performance, greater depend- 
ability and longer service—very often at lower cost. 
Whatever your requirements may be... Acadia’s 
engineers will gladly help you select the right syn- 
thetic rubber and adapt it to your product. Write 
today. 
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BUMPERS (Kk), 


GoreELess PAINTER(A), KICKS BUCKET (B), 
TURNING GEARS 

ae. ND ALLOWS COLA TO POUR DOWN 
aa ), AND INTO BOTTLE. AT SAME TIME, 

DRIVE BEL 
COORG) AND STRIKING GONG (1H). 
CAP DROPS FROM 

ae ICH RUNS DOWN TRACK, HITTING 
Paps LAND FLIPPING CAP ONTO BOTTLE(L). 
PUNCHDRUNK FIGHTER(M), HEARING GONG, 
JUMPS TO HIS FEET, STRIKING 
DRIVING CAP ONTO BOTTLE WITH SLEDGE(O). 





(C), WHICH RAISE SLIDING 


TF), OPENING SLIDING 
HOPPER(I), INTO HOPPER 


HANDLE(N), AND 








W: doubt if Mr. Goldberg’s sugges- 


tion for bottling cola would prove 
very practical, and some of his. applica- 
tions may seem rather far-fetched. But 
there is one sound and proved fact brought 
out by the illustration . . . only steel can 
do so many jobs so well. 

Where can you find a material that can 
equal steel’s toughness for lightweight 
construction? What other material can 
withstand the severe range of tempera- 
tures .. . resist shock, corrosion, severe 


bending, and abrasion as well as steel? 
Only steel can be produced in such an 
extreme variety of alloys, forms, and fin- 


_ ishes. It can be punched, riveted, welded 


to perfection. It can be polished to mirror 
surfaces—etched, painted, or permanently 
coated with porcelain enamel. It can be 


drawn, formed, forged, machined on a 
mass production basis. 

Our steel specialists will be glad to assist 
you in applying special purpose U-S-S 
Steels to your products to help make them 
more durable, more efficient, less costly 
to manufacture, and easier to sell. * 


CARNEGIE-ILLINOIS STEEL CORPORATION 
Pittsburgh and Chicago 
COLUMBIA STEEL COMPANY, San Francisco, Pacific Coast Distributors 
TENNESSEE COAL, IRON & RAILROAD COMPANY, Birmingham, Southern Distributors 
UNITED STATES STEEL SUPPLY COMPANY, Chicago, Warehouse Distributors 
UNITED STATES STEEL EXPORT COMPANY, New York 


7-959 








* Have you explored the possibilities of these special purpose U-S-S Steels? 


U-S-S STAINLESS AND HEAT-RESISTING STEELS 
to assure high resistance to corrosion and heat, 
and to reduce weight. 

U-S-S CARILLOY STEELS—Alloy steels for the 
special jobs of industry. 

U-S-S HIGH STRENGTH STEELS to resist atmos- 
pheric corrosion, to increase strength without 
adding weight or to maintain strength with 
reduced weight. 

U-S-S COPPER STEEL to give at least twice the 
atmospheric corrosion resistance of regular 
steel at little additional cost. 


e 


IT TAKES SCRAP TO MAKE STEEL... PLEASE TURN YOURS IN! 


U-S-S ABRASION-RESISTING STEEL to combat. 


wear and friction. 


U-S-S HOT-ROLLED AND COLD-ROLLED STEELS - 


to provide the basic advantages of steel, plus 
maximum economy in each job. 

U-S-S PAINTBOND--A galvanized, Bonderized 
sheet that permits immediate painting and 
holds paint tighter. 

U-S-S VITRENAMEL—Sheets designed 
especially for porcelain enameling. 

U-S-S ELECTRICAL SHEETS for motors, 
generators and transformers. 





















UNITED STAGES 





9 times out of 10 
~ STEEL 
will do it better 


Yt Eee 

















Now... Aircraft 
“Step Right Onto 
the Scales”... 





To determine the weight and balance of any aircraft ... tiny flying 
boat or giant transport . . . here’s all there is to do: 


~ Run each plane wheel up the ramp and onto the platform of the con- 
venient portable Aircraft Loadometer. As simply as that, this accurate 
Black & Decker device gives an instant reading of the plane’s weight. 


In the Loadometer, the system of weighing levers is pivoted to a cali- 
brated spring. This spring is extended by a micrometer screw geared 
to a Veeder-Root Reset Counter which gives an instant and direct 
Veeder-Reading of the plane’s weight in pounds or kilograms. 


In selecting a counting device for the Aircraft Loadometer, Black & 
Decker chose this Veeder-Root Reset Counter because it provides a 
positive reading, because the reading remains after the load is removed 
from the platform, and because the device is easily reset to balance at 
zero after each weighing. The Veeder-Root counter also provides an 
accurate minimum reading of five pounds and upward to the maxi- 
mum capacity of 20,000 pounds. 


_Here again is proof that Veeder-Root not only “Counts Everything 

on Earth”—but also many things that fly above it. And standard or 

eT ee is ki 5S fect tec special Veeder-Root Devices, built into your product, can 

count to your advantage in more ways than you could ever 

Vv | 2 & OE e = ROOT dud Cc. figure out, alone. So talk it over with a Counting House 
HARTFORD 2, CONN. engineer. Just write and say when you want him to call. 


In Canada: Veeder-Root of Canada, Ltd., 955 St. James St., Montreal 3. 
4a England: Veeder-Root Ltd., Dickinson Works, 20 Purley Way, Croydon, Surrey. 


oe detente x 
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Strange 
fire-fighting 
equipment? 








THESE ALSO STOP TROUBLE! Inco Nickel 
Alloys are available in all forms. For example, 
screen cloth and filter cloth of Monel, Nickel 
and Inconel. Use them to replace troublesome 
fabric and cloth of less durable metal. 
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No, Sir! They're “safety tools”...on regular duty in 
many hazardous operations. 

What does it take to make ¢ metal suitable 
for safety tools? 

Many things. First, of course, is freedom from 
sparking. Other demands are... tensile strength, 
toughness, hardness, corrosion resistance. 

And, if you want to use the tools near 
precision magnetic equipment, the metal also 
has to be non-magnetic. 

Every property you add to the list cuts down 
the number of metals you can possibly use. 

Add: no tendency to form dangerously unstable 
chemical compounds when in contact with acetylene 
and various explosives ...and you eliminate 
all but “K”* Monel and “S”* Monel. 

That's why Ampco Metal, Inc., Milwaukee 4, 
Wisconsin, picked these two Inco Nickel Alloys 
for a new line of safety tools. 


METAL PROBLEMS END when you “discover” 

the Inco Nickel Alloys. Known as the 

“task metals” of industry, they'll help you 

hight rust, heat, corrosion, stress and wear. 
What's your problem? 


THE INTERNATIONAL NICKEL COMPANY, INc. 
67 Wall Street, New York 5, N. Y. 





Nickel 


N C0 Alloys 


Monel* « "R’’* Monel "'K”’* Monel * ""KR’”’* Monele"'S”* Mone 
Inconel* « Nickele"'L”"* Nickele"Z"’* Nickel *Reg. U.S. Pat. Off. 





EMBLEM OF SERVICE “Task Metals” for Industry 
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Reduce Machinery Maintenance Costs 


With Parts 
Specify castings made from HAyYNes STELLITE Made of 


alloy for those parts of machines and equipment 


roron, Howes Sraue aloyeare bards oud, [| HAYNES STELLITE 
and heat resistant. They stand up under severe 


operating conditions ...help keep machines in Alloy 














operation for longer periods of time...and re- 
duce costs for repair and replacement. 


HAYNEs STELLITE alloy takes a high polish and 
has a low coefficient of friction. This means less 
friction and abrasive wear on moving surfaces... 
longer life for wearing parts ... and less down- Wire-dtecighicenton veil of 
time for your machines. Haynes STELLITE alloy lasts 30 


: : times longer than steel rolls. 
You can obtain HayNes STELLITE machinery ae longer then s s 


parts made to your specifications and ground to 
required tolerances. 


Piston for die casting machine. 
This piston withstands abrasion, 
heat, and corrosion. 













Homogenizing valve for food 
processing industries. 


For more detailed information on how HayNeEs 
STELLITE wearing parts can help you solve your 
machinery problems, write or telephone our 
nearest district office. 


The tradeemarks “‘Haynes’’ and “‘Haynes Stellite” distinguish 
products of Haynes Stellite Company. 





HAYNE 


TRADE-MARK 
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GET BUILT-IN ADAPTABILITY 


WITH INTERCHANGEABLE 
R«M MOTORS 


Simplify the application of built-in 
electric power to your equipment by 
standardizing on Robbins & Myers 
motors. Compact construction and 
functional mountings provide true 
flexibility of application. You get full- 
range interchangeability of all motor 
types in any one frame size. R & M’s 
long, specialized experience can help 
you combine outstanding motor per- 
formance with modern, streamlined 
appearance. 





SAVES MONEY IN 
MANY WAYS 


Engineered adaptability Jowers costs 
and simplifies stocking, assembly, and 
service. Standard or special mount- 
ing heads developed for one type of 
R & M motor fit all types of R & M 
motors. Simple modifications provide 
open, drip-proof, weatherproof, or 
totally enclosed construction. In the 
same frame, interchangeable motor 
types include split-phase, polyphase, 
capacitator-start, direct current, capa- 
citor, and synchronous; in various 
speeds, voltages, and frequencies. 





*” WRITE FOR FURTHER DETAILS 


Expert R & M engineering assistance 
has improved built-in motor power 
e for many different uses. Write today 


Ww 
~~ 
for full information. 


ROBBINS @ MYERS ¢ TING. cae te: cou cue uc cee 
ad m ‘ +e + 


MOTORS - HOISTS -CRANES~ MACHINE DRIVES - FANS - MOYNO PUMPS - FOUNDED 1878 
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OUTSTANDING Z2at%ites 


Protecting Ferrule— prevents 
bellows from adhering to 
shaft; assures free movement 


Sealing Washer—ro- 
tates with shaft; 
driven through metal 
parts;.no torque on 
bellows. 


so che OT, 


Synthetic Rubber Bel- 
lows—tail seals on 
shaft. Head is flexible; 
adjusts for washer 
wear, shaft vibration, 


Floating Seat—cush- 
end play. 


ioned in synthetic § 
rubber sealing ring, 
eliminating stress 
distortion. 


ee ee eee eee eae 
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Sealing Faces—both 
carefully lapped at our 
factory to insure a 
perfect seal. 


JOHN CRANE 
BELLOWS-TYPE S@af¢ Seal 


This is a new, precision-built Shaft Seal already thoroughly proven 
on Centrifugal and Rotary Pumps, Speed Reducers, Refrigeration Compres- 
sors, Agitator Shafts and many other rotating shaft sealing applications. 

Advantages: 


@ Eliminates leakage, gland adjustment and shaft wear 
@ Reduces friction, saves power 

@ Operates effectively at high speeds and pressures 
@ Shipped as a complete unit, ready for installation 


The John Crane Bellows-Type Shaft Seal is made in two types: Type 1 
for limited diameter; Type 11 (illustrated above) for limited length. 


Design and Development Engineers—Send for Illustrated Bulletin 


| CRANE PAC nae al MPANY 1825 ——— - CHICAGO 13, ILL. 


BALTIMORE, BOSTON, BUFFALO, CLEVELANE DALLAS, DETROIT ae & 
ANGELES, NEW ORLEANS, NEW YORK, PHILADELPHIA, PITTSBURGH, SAN FRANCISCO nche tre Toronto ancouver 
ST. LOUIS, TULSA , 





Hamilton, Ontario, Canada 
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In its geomet of constant bearing progress, Shafer 
has redesigned its line of Standard Duty Pillow Blocks 
for far more efficient bearing performance. 

Now the inner race extends on both sides of the 
bearing . . . increasing the length 40 to 90 .. . cor- 
respondingly decreasing the per unit area shaft pres- 
sure, wear and any tendency to mechanical fretting. 
Thé collar locking set screws firmly force the shaft 
against the race on the side opposite the set screws, 
reducing any tendency to pound or 
whip. The set screws hold under 
constant tension and don’t work 
loose under severe operation. 

Despite the increased race length, 
the total length is less and this more 
compact design allows gears, pul- 
leys, etc. to be mounted closer to the 


a 
“ a 


c a a yi 
Z s - “ ri an 


The housing has more rugged buttressed construc- 
tion. The pillow block is available in 2 bolt and 4 bolt 
models and is interchangeable with previous designs. 
Another feature is the new and already famous 
Shafer Z Radial Float Roller Bearing Housing Seal 
which more efficiently than any other seal keeps dirt 

out and grease in. 
The Standard Daty Pillow Block also embodies 
the famous Shafer self-aligning radial-vhrust, pre- 
adjusted double row roller bear- 


ing. 

There is no other Standard Duty 
Pillow. Block that offers these fea- 
tures and this degree of perform- 
ance. Try this new Shafer Pillow 
Block and see for yourself. SHAFER 
BEARING CORPORATION, 


bearing and reduces shaft stresses. ee ee General Offices: Chicago 7, Illinois. 
SELF-ALIGNING BEARINGS : 


WRITE FOR FREE DESCRIPTIVE BULLETIN ZXKXT 
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How Fiberglas* helps 


Stearns Magnetic Equipment 


“beat the weatherman” 


This magnetic pulley, built by Stearns Magnetic Mfg. 
Company, Milwaukee, Wisc., is used to remove tramp 
-iron from stoker coal. The use of Fiberglas Electrical 
Insulating Materials helps assure efficient operation 
under the most severe weather conditions. 

Stearns’ Chief Engineer Broetzmann says: ‘‘We find 
Fiberglas Electrical Insulation particularly effective for 
its moistureproof and non-hygroscopic qualities. It gives 
us an efficient high dielectric material and an added 
feature where our equipment is subject to high tem- 
peratures. Furthermore, we feel that it adds to the 
superiority of design and construction of Stearns Mag- 


*FIBERGLAS is the trade mark (Reg. U. S. Pat. Off.) 
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netic Equipment and we never stint to achieve outstand- 
ing merit in our product.” 

This is typical of many applications in which Fiberglas, 
in various forms, is being used to provide added sales 
value and assure more than just satisfactory performance. 

Fiberglas Electrical Insulating Materials are available 
in forms to meet practically every insulation need. If 
you are concerned with the design, manufacture, use or 
maintenance of electrical equipment, get all of the facts. 
Write for Catalog EL 46-11—Owens-Corning Fiberglas 
Corporation, Dept. 808, Toledo 1,: Ohio. Branches in 
principal cities. 


In Canada: Fiberglas Canada Ltd., Toronto, Ontario. 





of a variety of products made of or with glass 
fibers by Owens-Corning Fiberglas Corporation. 


OWENS-CORNING 











FIBERGLAS 


ELECTRICAL 
INSULATING 
MATERIALS 
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TAPES » CLOTHS » BRAIDED SLEEVING * VARNISHED TUBING » MAGNET WIRE > MICA COMBINATIONS + LAMINATES 
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Macro-etch through longitud- 
inal cross section of Crankshaft 
shows fibre-like structure that is 


| 
Mm 10 “TAKE IT” like a 
Forging does 





There is no substitute for the strength and toughness 
inherent in the forged fiber-like flow line structure of 
steel. Here is strength and toughness for unrelenting 
and uninterrupted performance. Here is strength 
and toughness for unpredictable emergencies. The 
forging method of fabricating parts in closed im- 
pression dies directions, controls, and concentrates 
the fiber-like flow line structure of metals at points '_ 
of greatest shock and stress. It has to be a forging — 
to “take it” like a forging does. 
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Forgings reduce parts failures and protect you a 
your customer from unpredictable emergenci 
Forgings provide rapid assembly of complex pa 
by welding adaptability of widest range; forgings 
permit reduction of dead weight because maximum 
strength and toughness is obtainable in lighter 
sectional thicknesses. There is no substitute for the 
metal quality and cost reducing advantages of 
forgings. A recheck of every stressed part, as well 
as simple handles and levers, frequently reveals 
opportunities to improve a product, to reduce the 
cost of machining and finishing, to speed up 
assembly. Consult a forging engineer while the 
part is in the design stage because it is impor- 
tant that the design utilize fully the fibre-like 

flow line structure: obtainable in forgings. 





Note concentration of 
grain structure in geor 
tooth portions of this 
Cluster Gear Forging. 













it has to be 
A FORGING T0 “TAKE IT” 
like a Forging doe 






This shows result of Forg- 






it has to be ing Pinion Rack in closed 
A FORGING TO“TAKE IT” flow Race velafores south. 


ke a Forging dog 






it has to be 
A FORGING T0 “TAKE IT” 
ke a Forging doe 




















It has to be 
A FORGING T0 “TAKE IT” 
ike a Forging does 






Steering Lever Forg- 
ing shows how forg- 
ing produces density 
of grain structure. 





DROP FORGING ASSOCIATION 
605 Hanna Building * Cleveland 15, O. 


1 io Booklet on “Metal Quality — Hot Working Im- 
; proves Properties of Metal.” 


* (0 “Drop Forging Topics.” 
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Bo FILEWORTHY FACTS 
on Superior Nickel & Nickel Alloy Tubing 


(.010" to %*‘’ O.D. MAX.) 


Engineering Data for the— 


DESIGNER 
MATERIALS ENGINEER 
METALLURGIST 
; i he : PRODUCTION MAN 
é PURCHASING AGENT 
FABRICATOR 
oN 
NICKEL 
& | MONEL( 
INCONEL{ 
"K" MONEL| 
30% CUPRO-NICKEL 
36% NICKEL IRON (INVAR) 
42% NICKEL IRON 
52% NICKEL IRON 





/ 3 | Information on Nickel and Nickel Alloy 


Tubing conveniently arranged for quick, accurate reference: 


qhe é et? Mm =6Comparative Physical and Chemical Properties 
por 108 2 gn¢ MB Selection and Application : 
ce wick? quvir® mm = Tolerance, Temper. and Weight Data 
Mm =«iDesign and “Use” Information 
exe! ou Mm = Types of Superior Tubing (Seamless and WELDRAWN*) 
. MM =6Time-Saving Ordering and Specification Data 


FOR YOUR COPY, WRITE TODAY ON YOUR COMPANY LETTERHEAD. 


& 
YBING 
Name IN smart Ol” 
piGGEr f : 
THE 
(.01 
















For Superior Tubing on the West 
Coast, call Pacific Tube Company, 
5710 Smithway Street, Los Angeles 
22, 'Californio. ANgeles 2-2151 


) 
140 5/,"" o.D- MAK 


SUPERIOR TUBE COMPANY 
*Reg. U. S. Trademark, Superior Tube Company 2010 Germantown Ave. 
Reg. YU, §, Trademark, International Nickel Company Norristown, Pennsylvania 
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With production costs spiralling upward, faster 
and more efficient methods of handling 
materials and parts are more important than 
ever before. Modern high production machines 
must be used to their full capacities if the 
maximum benefits are to be realized. Hanna 
PNEUMATIC AND HYDRAULIC MUSCLES 
can help you accomplish this. 

With PNEUMATIC AND HYDRAULIC 
MUSCLES the machine operator will boost his 
output without any increase in his own physical 
exertion. He does not need to quicken his pace. 
He works at a normal rate and these MUSCLES 
do the rest. The operator increases his earning 
power and management reduces production 
costs. It’s a combination that’s hard to beat! 

Investigate the possibilities in putting 
PNEUMATIC AND HYDRAULIC MUSCLES 
to work for you. Send for the catalogs 
described at the right. 


4 





ab “i Pa ~ : 

€;3 Hanna Engineering Works 
—_— 
HYDRAULIC AND PNEUMATIC EQUIPMENT... CYLINDERS... VALVES... RIVETERS 


1765 Elston Avenue, Chicago 22, Illinois 
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Regardless of excellent design, high quality 
and fine workmanship— if the component parts 
of your machines, appliances or assemblies 
aren't fastened together securely and depend- 
ably, the product will be a failure! 

Bolts, nuts, rivets and screws are well-known 
and well-understood industrial fasteners. You 
are dealing with known physical properties 
when you use them. They are made from 
materials of recognized characteristics and 
strength—by familiar manufacturing processes. 


Principles of design are well-established, and 
checked by extensive experience. Fasteners 
can be obtained from any one of a number of 
reliable manufacturers in quantities accorcing 
to your needs. Workmen are familiar with 
their use and no special skills are required 
for installation. Mass-produced 
fasteners are lowin cost and inter- 
changeable. @ For the success of 


your assemblies, 


use FASTENERS! 


American Institute of Bolt, Nut and Rivet Manufacturers 


1550 HANNA BUILDING 


CLEVELAND 15, OHIO 








| Every Drop 7 


EVERY MINUTE 
ON THE JOB 


Select Cuno Auto-Klean 
Filter for Continuous 


Cleaning of Full Flow 


This one fluid-cleaning unit — no larger than 
the usual partial-flow type — handles full flow of 
practically any fluid. 

The permanent all-metal, disc-type Filtering 
cartridge removes all particles down to .0035””. 

And the exclusive ‘“‘comb-action” filter cleaning 
removes accumulated solids without interrupting 
flow. 


BUILT-IN OR EXTERNALLY MOUNTED 


Cuno Auto-Klean Filters are available with or 
without sumps for built-in or external installations. 
Sizés from 1%" x %”" cartridge to massive motor- 
driven models to handle a few gallons per hour or 
millions of gallons per day. Filters cleanable man- 
ually (by turning handle) or automatically. 

For fluids containing highly abrasive solids 
—Cuno Flo-Klean, wire-wound permanent car- 
tridge, continuously cleanable by motor-driven 
backwash system. 

Write us to have the local Cuno representative 
recommend proper Cuno filter (see below) for your 
fluid-cleaning application. 






See Catalog in SWEET’S 























SEND COUPON FOR FREE FACTS TO FIT YOUR INSTALLATION 


CUNO ENGINEERING CORPORATION 
207 South Vine St., Meriden, Conn. 


Please have nearest Cuno representative provide information rela- 
tive to services checked. 


ODAir Actuated Instruments OEngines (Paper Machinery 
ODAir Tools ()Gear Hobbing Machines OPneumatic Devices 
OBakery Machinery CjGrinders (Power Transmissions 
OBalers (jiHobbing Machines (Presses 

OBlowers (jJHoning Machines _|Printing Presses 
OBoiler Feed (jHydraulic Systems (jPumps 

CiCoal Loaders * (Incubators O)Radial Drills 
C)Coating Machinery CiInstruments CjRolling: Mills 
OCombustion Equipment (jLathes OScrap Balers 
COCompressors Cheening —_ (jSpray Systems 
(jControls OC\Machine Too Superchargers: 
CiCooling Systems C)Meters (Tapping Machines 
OCrushers ()Milling Machines Test Stands 
OODiesel Engines (Oil Burners OTurbines 

CDip Tank Systems (Oil Well Drilling Equipment [Turret Lathes 


ODrilling Machines (JPaint Spray Systems . CiWelding Machines 




















NOTE THIS COMPLETE 
TABLE OF CONTENTS 


Materials 

End Connections 

Dimensional Tolerances 

Straps and Supports 

Galvanizing and Painting 

Testing 

Stress Relieving and Heat Treating 


Instructions for Ordering Pipe 
Coils 


Recommended and Minimum 
Dimensions 


Designations of Pipe Coils 


Listing of Common Types of Pipe 
Coils 


Headers 

Pipe Data 

Length of Pipe in Bends 
Engineering Data 
Accessories for Pipe Coils 
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--- A NEW HANDBOOK 
FOR PRODUCT DESIGNERS 





48 Pages of Useful 
Pipe Coil Information 


All the information you usually need when designing or specifying 
pipe coils is in this new Crane Circular No. 318. Here’s where you'll 
find all the dimensions you need. Also diagrams of all common type 
coils, and photos of many others. 


The engineering data section contains a lot of handy tables and 
charts, also working data on the theory of heat transfer through pipe 
walls, and on heating water with steam. Every page gives practical 


help. 


Mail Coupon Below for Your Free Copy 


You'll like Circular 318 for complete and accurate reference on pipe 
coil specifications, and for getting good, sound pipe coil values. Its 
entire content is based on laboratory and field research, and on 
Crane Co.’s long experience as the leading designer and fabricator 
of piping equipment for all applications. 

Get your free copy with the coupon below. Or ask for one on a 
postcard to the Crane Branch in your area. 


| PIPE COILS DIVISION 
| Crane Co., General Offices: 
836 S. Michigan Ave., Chicago 5, Ill. 
| Send me a copy of Pipe Coils Circular No. 318. 


EES dense ni clrpinhe chi oe Ohne in HUNSES OR eas Cebeh ube 
: se ae | COMPANY Fe PON eRe IN ee 
FOR EVERY PIPING SYSTEM Ce Nae ote ed visa eomdlaaoen cap aapetbe 
VALVES + FITTINGS + PIPE + PLUMBING AND HEATING! CITY..................00000- ZONE....5...< STAUB. cocbsce 
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leeve Bearings 
at low Cost f 


Continuous 
Strip Production Method 

Provides Uniform Quality and 
Low Cost in Large Volume Production 







“Thin wall” strip type, steel back, 
babbitt lined connecting rod and 
crankshaft bearings combine excel- 
lent performance characteristics with 
low production cost. Two of our 
plants specialize in the continuous 
strip process, producing both plain 
and flanged “thin wall’ bearings for large-volume engine requirements. 


Our complete facilities include manufacture of a wide variety of types 
and sizes of sleeve bearings, in large and small volume, as well as 
bushings, thrust washers and precision bronze parts. 


Our engineering department will assist in developing bearing designs. 


Address: 
FEDERAL-MOGUL CORPORATION, 11045 Shoemaker, Detroit 13, Michigan 
Power goes to work smoothly through | 
lent 
SLEEVE BEARINGS 
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FAWICK 
CHOSEN 


hotest 


MARION 





New sturdiness, speed and ease of control 
make the new Marion 33-M an all-purpose 
machine in the fullest sense. Fawick equip- 
ment includes two 16E475 Fawick Swing 
and Propel Clutches, one 16E475 Fawick 
Crowd-retract.Clutch, one 19E475 Fawick 
Boom Hoist Clutch. 


Photo at left shows 3 Fawick Air-ring 
Clutches on a single shaft. Air supply is 
obtained through use of 1 Size C Single- 
entry Fawick Rotorseal and 1 Size.B.D 
Dual-entry Fawick Rotorseal, which per- 
mit independent operation of each clutch. 
Note Fawick high heat dissipation type 
clutch drums. 





.- because of proven performance in the power shovel field 











Fawick Clutches have amply proved themselves build Fawick into their draglines, shovels, load- 
under the toughest field service conditions ers, ditchers, rollers and other materials handling 
throughout the earth-moving and mining indus- equipment. 

tries. That’s why leading manufacturers now 


Users profit by these unique, moneysaving advantages: 
© Torque controlled, shocks absorbed by a cushion of air. 
@ No strain on any part of machine in quick starts and stops under load. 
e No arms, levers or springs to wear or break. 


@ No adjustments to make—no lubrication required. 
HOW IT WORKS 


Compressed air expands 
@ Entire machine protected against needless loss of productive time. the rubber-and-fabric 


gland to engage clutch, 
any degree of “grip” you 
If clutch down time is costing you money, need. Release the air and 
let our Engineering Department give you clutch disengages. 
our recommendations. 


e Maintenance cost unusually low. 
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A FULL-FLEDGED Qui SELF-LOCKER 


“Unbrako” and “Hallowell” 
Products are sold entirely 


through Industrial Distributors. 





Knurling of Socket 
Screws originated with 
“Unbrako” in 1934. 











The Knurled threads 
make this screw a 
Self-Locker, too, for 
Flat, Cone, Oval, 
One-Half and Full 
Dog Points. 

Pot'd & Pats. Pend. 





Reg. U.S. Pat. Off. 


.-- KNURLED CUP POINT, HOLLOW SOCKET HEAD, AND ALL 


Yes, regardless of size, the knurled cup points of ‘‘Unbrako”’ 
Socket Set Screws dig-in and ‘‘stay dug'’— even when sub- 
jected to the most chattering vibration. Yet, they can be easily 
backed-out with a wrench and used over again and again. 
Write for your copy of the ‘‘Unbrako’’ Catalog of Socket 


Screw Products. 


The Knurled head of this 
“Unbrako” provides a 
slip- and fumble -proof 
grip, though the fingers 
and head be ever so oily, 
therefore, it can be 
screwed-in faster and far- 
ther before it becomes 
necessary to use a wrench. 


OVER 44 YEARS IN BUSINESS 


You can't screw 

socket screws in or 

out without a hex- 

socket wrench so why 

not get our No. 25 or 

A No. 50 “Hallowell” 

\S Hollow Handle Key 

/i\ Kit which contains 
‘ most all hex bits. 


Kits: Pats. Pend. 
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Precision fastenings that cut costs — 
Waldes Truarc Retaining Rings! 


There's a Waldes Truarc precision-engineered ring 


Bowed ring gives resilient tension, 
ends ‘shimmy, costly machining! 


for every fastening need. Truarc rings give a‘never- 
failing grip, keep constant circularity, do a better job 
of holding machine parts together. Yet they are easily 
removed and replaced in a few seconds. See what 





* In the Trupan Tripod manv- 
i factured by Accmatool Com- 
pany of New York, a Truarc 
Bowed* ring positions pivot 
pin. It exerts a downward pres- 
sure of 50 lbs., with two-way 
_ spring action. End-play from 
| accumulated tolerances is 
taken up resiliently. Tension 
remains constant, 





can be done for your product: send your drawing to 





Waldes Truarc Technical Service Engineers. 


OTHER TRUARC RINGS GIVE BIG SAVINGS IN 


PRODUCTION, MATERIALS AND MAINTENANCE 


cé 


CRESCENT AND E-RINGS... 
Snap on radially where 
axial assembly is impossi- 
ble. Give firm grip. 








‘Beveled ring eliminates shims, 
saves 20 minutes’ assembly time! 


SELF-LOCKING*... Economi- 
cal where thrust is moder- 
ote. Shaft requires no ma- 
chining. Ring holds fast. 


In the Tachometer Generator 
of Koilsman Instrument Divi- 
sion, Square D Company, 
Truarc Beveled* ring absorbs 
end-play rigidly from accu- 
mulated tolerances up to .010. 
It stays secure against heavy 
thrust and vibration. Ease of 








dis-assembly simplifies main- 
tenance and repairs. 





INTERLOCKING .. . 2-piece 
ring for heavy thrusts. Posi- 
tive lock against high RPMs 
and vibration, 


INVERTED*. . . Uniform 
shoulder for abutting 
curved surfaces, for bear- 
ings with large corner radii, 





*available for both internal and external applications 















@ Mail this coupon today for your copy of 


uy / WALDES 























: Sen . < 
o “New Development in Retaining Rings” 
~~ Site % _ Oe he ee i iis | 
rm Waldes Kohinoor, Inc., 47-10 Austel Place 21-s I 
L—)\. = : Long Island City 1, N. Y. t 
op Please send booklet, New Development In Retaining J 
Reg. U.S. Pat. Off Rings" to: i 
RETAINING RINGS \1 xm I 
I Title y 
WALDES KOHINOOR, INC., LONG ISLAND CITY 1, NEW YORK [I ! 
Canadian Distrib.: Controlite Engineering & Sales Ltd., 20 Bloor Street W.,TorontoS [| Company i 
; Business Address 
WALDES TRUARC RETAINING RINGS ARE PROTECTED BY U.S. PATS. 2,302,948; 2,026,454; 2,416,852; 2,420,921 i City Oo State 4 
AND OTHER PATS. PEND. 
ee ee 
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e Today every phase of production work calls for drives that pen a 
will stay 09 the job. Jones Speed Reducers have been built 
for long, trouble-free service. And the records established by 
these speed reducers in 24 hour a day service show that they 
have the ruggedness and stamina for which all Jones Trans- 


mission Products are known. 


The accompany ing jliustrations are presented to give a gem 


eral idea of the services the Jones organization is prepared to Drums and control 
) eile Ase dete hes 
riven 


render on drive problems where speed reducers are required. bredth -teua 








If you would like to have a condensed picture of the Jones 
products and engineering services, that are being widely used 
by industry, just ask for Bulletin No: 80, “Jones Drives for 


Industry” 


w. A. JONES FOUNDRY & MACHINE CO. 
4413 Roosevelt Road, Chicago 24, Wiinois 
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One of 


..- Or One of A 


THOUSAND, 


EVERY TEXROPE DRIVE IS 
ENGINEERED FOR ITS JOB 


OU GET sound recommendations from 

Allis-Chalmers —- recommendations 

backed by the greatest V-belt engineering 
talent and experience in the business, 


Allis-Chalmers originated the Multiple 
V-belt drive 22 years ago. Since then, Tex- 
rope engineers have designed many thou- 
sands of drives, ranging from fractional 
horsepower units for manufacturers of small 


. ” . — 
: 
4 i ’ | 
3s, - j 
. 


‘ ; 


Powerful Texrope drive specially 
engineered for a large mill. This 
main driver sheave is 7 ft in diameter, 
has 30 grooves, transmits 1400 hp! 


compressors, pumps or washing machines— 
to the largest V-belt drives ever installed. 
bows. Se served: Textile, Mining, Metal 
working, Petroleum, Chemical . . . in fact, 
every major industry. 

Take advantage of this vast research and 
experience. si your V-belt problems to 
headquarters — for the best in engineering 
talent — for the most complete line of V- 
belt equipment made. 

Service is as close as your nearest Allis- 
Chalmers dealer or office. ALLIS-CHALMERS, 
MILWAUKEE 1, WISCONSIN. A 2239 


Refer to Sweet's Catalog 


MACHINE Desicn—September, 1947 


| 


TEXROPE 
.. Greatest 


Name in 
V-Belt Drives 


oe =) 


“Super 7” V-BELTS 
Five Types — Sizes 
to suit every power 
transmission job, 


Texsteel, Texdrive, 
“Magic-Grip” 
— sheaves in a full 
range of sizes, 

grooves, 


“Vari-Pitch” 
SHEAVES 
Exact variations in 


speed, stationary or 
motion control, 


SPEED 

CHANGERS 

variations up 

to 375% at the tum 
crank 


ENGINEERING 
Finest V-Belt i- 
neering talent in the 
world—at your call, 


TEXROPE “Super 
7” V-Belts result 
from the cooperative 
research of two great 
companies — Allis- 
Chalmers and B. F. 
Goodrich. They are 
sold only by A-C. 


<> 
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A CENTURY YE 
OF SERVICE }} 


to Industry 
THAT MADE 
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SAVES 


lime— 


D. R. PERCIVAL, Electrical Engineer, Machine Division, Norton Company 


7 He cuts 


production, 
COINCTS- 


BEN B. BRESLOW, President, Utility Appliance Corp. 
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“TI think many designers will 
save time in the long run if they 
will decide, at the start of a 
job, to use standard motors.”’ 
Thus speaks D. R. Percival, Elec- 
trical Engineer, Machine Divi- 
sion, Norton Company. “We'll 
eliminate the exhaustive engi- 
neering tests we used to make on 
fractionals. With horsepower, 
service factor, breakdown torque, 
and starting current all rated on 
a clear-cut, uniform basis we'll 
know in advance whether the 
motor will handle the job.”’ 


“The big thing about the new 
small-power motor standardiza- 
tion plan, to me, is the promise 
it holds of increasing the avail- 
ability of all makes of motors,"’ 
says Ben B. Breslow, President, 
Utility Appliance Corp. ‘‘We'll 
stand a better chance of getting 
‘off-the-shelf’ delivery of motors 
if they are a big-production item, 
instead of a special. We cut a few 
production corners, too, by using 
standards. We eliminate special 
jigs and fixtures, and the need 
for making universal mounting 
bases and adapter plates. We can 
‘standardize’ more of our own 
assembly methods.”’ 


GENERAL @ ELECTRIC 
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More for your money with 
STANDARD 


fractional- 
horsepower 


MOTORS 


FOR EXAMPLE, the General Electric machine tool motor gives you a 
fractional engineered specifically for rough and tumble industrial service. 
Totally enclosed, these motors have a rigid base and ball bearings which 
make them suitable for jobs where thrust is encountered. Firmly anchored 
windings stand up under frequent start-stop service, plugging, and 
momentary overloads. Descriptive bulletins on this and the 10 other main 
groups of standard G-E motors shown below may be obtained by writing 
to your nearest.G-E office or Apparatus Dept., General Electric Company, 


Schenectady 5, N. Y. 
Se 


Unit-Bearing Fan Washing Machine Oil Burner Machine Tool 
Coal Stoker 
iy 


Gencral Purpose 


—— 
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Belted Fan 





~ 
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Shaft-Mounted Fan 





= 


Jet Pump Sump Pump 


THE NEW MOTOR INDUSTRY STANDARDS for defining motor 
rating and performance and the new dimension standards for small-power 
general-purpose and definite-purpose* motors were not set for the conven- 
ience of General Electric—or any other’ electrical manufacturer. They 
were arrived at after careful study of thousands of motor orders and 
months of co-operative work by industry associations and the National 
Electrical Manufacturers’ Association. They represent the best possible 
co-ordination of motor design with the current needs of small-power 
motor users. And—these standards will be ‘nfedified as design trends 
change, to keep in step with user needs. Standardization is not static! 


GENERAL ELECTRIC offers you three definite advantages as a source of 
fractional-hp motors. First we give you the widest variety of standard 
general-purpose and definite-purpose motors to choose from — some 1600 
in all. Second, General Electric motor-exchange and repair-service plans 
have been developed on a country-wide scale to give prompt, low cost 
motor repair or replacement service to your customers. Finally, in all G-E 
motors you get the quality extras which standards can’t cover. You get 
the benefit of the newest developments in bearing design, insulation, and 
winding techniques. You get the best possible protection against electrical 
breakdown and mechanical wear and tear. 
: ¢ : 


‘“Definite-purpose motors are standard motors specifically designed for jobs where gen- 
- eval purpose motors ‘built for broad application’ are not ideally snited 
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5 Hit: Magnetic Plug 
Here > How prevents Wear / 


Pulls Iron and 
Steel Particles 
Out of Oil 


A powerful, permanent magnet 
in the Lisle Magnetic Plug pulls 
abrasive metal particles out of a 
lubricant. The illustration below 
shows how Lisle Plugs are used 
in place of ordinary plugs in any 
housing where gears, bearings or 
other moving parts operate in a 
bath of oil. Low cost Magnetic 
Plugs will add to the value and 
life of your product. Send for 
free sample plugs for testing. 
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Machine Tool Manufacturers rely on 
WAGNER ali; MOTORS 
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Totally-enclosed Fan- 
cooled Motor 
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-e-for utmost Precision -= 





Yes Sir, he’s right in the middle. His 
job demands utmost precision—and on 
machine tools such as this, precision is 
what counts. Wagner Motors have an 
enviable reputation for quiet, smooth, 
vibrationless performance. That’s why 
machine tool manufacturers use thou- 
sands of Wagner Motors. They have 
found that Wagner is a synonym for 
reliability and that every motor bearing 
this famous name will deliver depend- 
able, troublefree service. Users of 


Wagner motors also profit by our quick, 
convenient, nationwide service facilities. 


If you want motors that will do the 
job, whether large or small, contact any 
of our twenty-nine branches. They are 
located in principal cities and manned 
by trained field engineers who will help 
you solve your motor problems. A letter 
addressed to Wagner Electric Corpora- 
tion, 6404 Plymouth Avenue, St. Louis 
14, Mo., will bring Bulletins on the com- 
plete line of Wagner Quality Motors. 


Bees 
ECS 


Totally-enclosed Non- 
ventilated Motor 


a 


e ELECTRIC MOTORS « TRANSFORMERS + INDUSTRIAL BRAKES +» AUTOMOTIVE PRODUCTS «+ 
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... we could end 
our message here! 


To men who know motors, a picture like this is worth the pro- 
verbial ten thousand words. It speaks with convincing eloquence of 
craftsmanship to which any motor builder could point with pride. 

If you visit Star’s modern plant, you'll see scores of examples of 
the same painstaking craftsmanship that pays off in outstanding 
performance for Star customers. 





Star not only builds motors well, but also takes leadership in 
design. Star led in welded steel construction ... pioneered ball 
bearing motors ...developed the famed Star Built-in Magnetic 
Disc Brake for motors ... pioneered in the field of gear-motors. 

Whether you need special or standard motors, ¥2 to 200 H.P., 
it will pay to learn why so many critical buyers specify “Star”. 





Integral HP Motor ; 
for Direct Current Star Electric Motor Co., 200 Bloomfield Avenue, Bloomfield, N. J. 





STAR MOTORS 


POWER PACKAGED AS YOU NEED IT 
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Assembly is illustrated full scale. 
Brass screws and nuts bolt the 
flanges; brass terminal fittings hold 
the shielded leads; and because the 
base metal is copper, the cadmium 


plating is on to stay. 

















COPPER AND BRASS 








bil how to make tt? 


To the Guyer Metal Products Corp., of Chicago, IIl., the 
answer was simple . .. or relatively so, considering the com- 
plexity of the housing and the close dimensional tolerances 
required. 

Anaconda Electrolytic Copper strip was used because of 
its ready adaptibility to cold working and the accurate gage 
of the metal furnished. 

“A” shows the first blank and draw operation. A series of 
reducing operations resulted in “B”. Next, the body, “C” 
was stamped—and this part was used for both halves of the 
assembly, “D” and “E”, with variations in the form and the 
number of perforations. 

Next time you meet up with a problem in metal forming, 
take time out to consider; 1: the versatility of copper and 
its alloys, brass, bronze and nickel silver; 2: the accumu- 
lated wealth of metal-working experience available to you 
through our Technical Department. 


THE AMERICAN BRASS COMPANY 


General Offices: Waterbury 88, Connecticut 























MOST VERSATILE 
OF ALL COMMERCIAL METALS 


And today, through modern metallurgy, that 
age-old versatility of copper alloys is en- 
hanced in several ways...by combining a 
number of desirable properties in a single 
alloy ...by widening the choice of materials 
for ordinary and specialized uses . . . by as- 
suring products that give unexcelled per- 


formance under a wide variety of service. 


wie 


DA 
Stuaconda COPPER and BRASS 


The American Brass Company produces 
Anaconda Copper and Copper Alloys in 
practically all commercial forms; also in 
special shapes and die pressed forgings. 
Whether your requirements are large or 
small, the personnel of Company Ware- 
houses, District Offices and Anaconda Dis- 


tributors will be glad to serve you. 4711s 


THE AMERICAN BRASS COMPANY 


General Offices: Waterbury 88, Connecticut 
Subsidiary of Anaconda Copper Mining Company 


In Canada: Anaconda American Brass Lid., New Toronto, Ont. 
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gramix bearings 


keep Roper Pumps operating 


smoothly to insure reputation 















GRAMIX powder metal bearings, small gears, and 
machine parts are helping many manufacturers 
achieve new standards of dependability for their 
products—economically! Die-pressed to exact size 
from powdered metal, GRAMIX parts reduce pro- 
duction costs because they require no costly machin- 
ing or hand finishing. They are porous to permit 
impregnation with lubricant which lasts the life of 
the. installation. They may be made in a wide 
variety of shapes and sizes. Send us sketches of 
your products and we will show you where 
GRAMIX will improve mechanical performance 
and save you money. Write today for your copy 
of the bg, new, 260 page GRAMIX catalog. 


Macuine Desicn—September, 1947 


THE UNITED STATES GRAPHITE COMPANY ¢ SAGINAW, MICHIGAN 





for dependability 


GRAMIX powder metal bearings are helping the 
Geo. D. Roper Corp. of Rockford, Ill., to maintain its 
90-year-old reputation for dependability in pumps. For 
example, in the back plate and packing gland of the Roper 
Series K Rotary Pumps, GRAMIX drive shaft bearings 
operate flawlessly at operating speeds of 1740 R.P.M. and 
eliminate the use of pedestal bearings. In the “Roper- 
PAC” Hydraulic Unit for farm tractor installations, 
GRAMIX bearings are employed in the idler 

gear, on the main shaft in the face plate, in the 
sub-plate to carry a portion of the drive shaft 
radial load, and on the drive shaft to carry 
loads imposed by chain or belt drive. These 
GRAMIX bearings operate dependably at pump speeds of 


1000 R.P.M. and are lubricated by the liquid being pumped. 


gramix 
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Where Basic Designs in 


WARD LEONARD 
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In a television receiver circuit, two power wound resistors were 
needed, but the space for mounting them was hard to find. 


So Ward Leonard suggested: instead of two separate resistors, each 
requiring individual mounting and installation, let’s make a single 
Vitrohm unit with two electrically independent resistance windings. 


This unit is mounted just like any single resistor. 


RESULT: less space needed . . 


As this case shows, it often happens 
that by a slight modification of a 
basic design or by use of a certain 
manufacturing method, Ward 
Leonard can give you the exact re- 
sult you need—without the extra 
cost of a special design. 


Biue means “Result - Engineering”’ 
in resistors, rheostats, relays and 
other electric controls. The distinc- 
tive blue identifies Ward Leonard 
‘Result - Engineering” 


FREE BULLETINS on “Result- 
Engineered”’ Resistors. (Please re- 
quest on business letterhead, mention- 
ing your title.) WARD LEONARD 
ELECTRIC co., Mount Vernon, New 
York. Offices in principal cities of 
U.S. and Canada. 


RESISTORS : 


. assembly cost cut 40%! 


FOR YOUR PRODUCT'S 
FASTER ASSEMBLY... 
OR BETTER PERFORMANCE — 
PUT THE PROBLEM THROUGH 


Before you decide to “‘make the best”’ 
of a “‘standard”’ component, or pay a 
premium for a “special’’, submit the 
problem to Ward Leonard. At no 
obligation, see if ‘“‘Result-Engineer- 
ing” can’t work out the solution 


Wee, ef 
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Right now you can quickly give your slow-speed 
equipment the modern advantages of economical 
speed reduction! Just one, easy step—and you add 
greater flexibility, efficiency, and space saving 
design to that slow-speed machine on your drawing 
board. All you need do is specify American Reduc- 
tion Drives—including the Speed Reduction Unit 
with a standard speed ratio of 13 tol, and a primary 
belt drive of the required ratio—right from dimen- 
sions shown in the Catalog. You can be sure the 


* parts you specify will be immediately available be- 


cause they are standard, stock items. Any driven 
speed between 1] rpm. and 154 rpm. is obtainable 
just by changing the ratio of the primary belt drive. 


MAIL THIS NOW! 


PE Se A ST 
THE AMERICAN PULLEY COMPANY I 
4238 Wissahickon Ave., Philadelphia 29, Pa. i 


I'd like the complete engineering data and drive selection 
tables contained in the American Reduction Drives Handbook. 
Please send my free copy to: 


NAME TITLE 





COMPANY 





ADDRESS 





CITY ZONE STATE 
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All parts of the Amer- 
ican Reduction Drive 
on this Conveyor for 
sand and gravel were 
supplied from stock. 
Installation was made 
in a matter of minutes. 


What's more, no special foundations or supports 
are needed—the Speed Reduction Unit mounts right 
on the shaft of the driven machine. 


Users of your machinery equipped with American 
Reduction Drives benefit, too! Strains on motors and 
gears are eased because the primary belt drive 
cushions the impact of starting and shock loads. 
And the proper speed plus less maintenance down 
time pays off in increased production. Find out now 
how easy it is to give your slow-speed equipment the 
modern advantages of economical speed-reduction. 
Send for your copy of the American Reduction Drives 
Handbook, today. 
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, a urning a shaft is an 


a . old problem 







BUT HERE'S THE 
MODERN SOLUTION 


Modern appliances offer the best in 
modern power when they are equipped 
with Delco motors. They are smooth- 
running, efficient, dependable. 


Delco motors benefit by Delco Products’ 
close association with the appliance 
industry. They incorporate improve- 
ments and refinements developed in 
serving leading manufacturers of re- 
frigerators, washers, ironers, stokers, 
oil burners, air conditioners and other 
appliances. 
If you have a shaft to turn, specify Delco 
motors—built in sizes from 1f h.p. to 50 
h.p. Delco Products Division, General 
Motors Corporation, Dayton, Ohio. a. 


DELCO MOTORS 
Power America’s 
Leading Appliances 





DAYTON, on10 
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Since 1931 the ROWE ? 
the sound principle SONOS A sts ; See pp > 
effective, practical solulidte deieeie sa] et Racal, prob! ihe ageee al- 
ing rotating shafts. = eT ae pre? Ate 

Analyses of individual case vowel th if the. years have 
enabled Rotary Seal engineers to aoe paabisvidity improved 
seals for a wide variety of application. 

Today, leading industrial companies throughout the country 
depend on Rotary Seal for fool-proof, efficient performance. They 
know they can “seal with certainty’ with a Rotary end-type seal 
designed expressly for the particular application. 

If you have a sealing problem, no matter how difficult it may 
appear, let Rotary Seal submit a recommendation: You will as- 
sume no obligation. Just send complete drawings of shaft assem- 
bly and full information on operating and service conditions. 


- 
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ROTARY SEAL COMPANY, 2022 N. Larrabee Street, Chicago 14, Ill. 






73 Your Seat 
Satisfactory 7 


Possibly, you feel that you 
haven't a sealing problem, or 
that your present sealing meth- 
od is “getting by.” But, do you 
get maximum efficiency, per- 
formance and lowest ultimate 
cost? 

No matter what method of 
shaft sealing you are now us- 
ing you may be surprised at 
the advantages .Rotary Seals 
can give your product ... in 
protection of product quality 

. in fewer maintenance and 
service calls .. . in assurance 
of greater product efficiency 
and long life. 
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INDUSTRIAL GEARS. High quality spur, helical, worm and bevel 
gears to meet practically any requirement. P 


ACTUATORS AND POWER UNITS assure control from a remote point. 
Used on many of the most modern airplanes they may aid in solving 
your control problems. 





A-Q (Aircraft Quality) GEARS 
are used on Pratt & Whitney Wasp SI 
Major engines, jet propulsion engines and for many other applications. 





GIANT GEARS. Complete facilities to produce gears up to 20 feet in 
diameter for sugar mills, cement kilns and other uses. 


SPEED REDUCERS. A wide variety of sizes and ratios in helical and 
worm gear reducers to meet every industrial need. 
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if you 
fransmif power 
call on 


FODIE BROS. 


Regardless of the problem you face in production 
or transmission of power, Foote Bros. engineers can 
help you find a solution. 


It may be gears—spur, worm, helical or bevel— 
for machine tools, road building machinery, tractor 
transmissions, diesel engines, or practically any 
application. Foote Bros. produces high quality gears 
in any quantity to meet any need. 


It may be “A-Q” (aircraft quality) gears for use in 
applications where the characteristics of high speed, 
greater compactness, light weight, high efficiency, 
and low noise level are important. Foote Bros. 

A-Q gears closely approach theoretical perfection. 


It may be accessory drives on jet propulsion 
engines, actuators to provide exact control of linear 
or rotary motion from a remote point. Foote Bros. 
actuators and power units are serving on many of the 
nation’s revolutionary aircraft engines and airplanes. 


It may be speed reducers for a paper mill, a steel 
plant, a chemical plant or any other industrial 
application. Foote Bros. makes reducers in a wide range 
of sizes and ratios to meet your requirements, 


To manufacturers, Foote Bros. offers two 
completely equipped plants—nearly a century of 
manufacturing experience—a thoroughly staffed 
engineering department to assist in the design and 
application of equipment to meet any power 
transmission problem. 








FOOTE BROS. GEAR AND MACHINE CORPORATION 
Dept. 0 4545 S. Western Boulevard e Chicago 9, Illinois 
Three bulletins on Foote Bros. products are available. 
Check the coupon for the ones you are interested in. 

(] FOLDER “WHATEVER YOUR NEEDS IN GEARS” 

[[] BULLETIN “AIRCRAFT QUALITY GEARS” 

[|] BULLETIN “FOOTE BROS. POWER UNIT” 
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You'll see BIG THINGS 


..-in Parker-Kalon’s Booth 243-A 
at the Machine Tool Builders Show! 











\\ \ WORLD’S BIGGEST CAP SCREW 
ot a: precision-made giant that features 

P-K SIZE-MARK One of the Biggest Improvements 

ever made in Socket Head Cap Screws. 

Ends Guessing, Errors, Lost Time! 




















WORLD'S BIGGEST SET SCREW 


demonstrating the 


P-K GROUND THREAD 
Another Big Advancement by P-K 








TWO P-K “FIRSTS” you'll want to see at the big assembly, which you'll want to know about. Visit ! 
Show in the Chicago-Dodge plant. Two important the P-K booth. Write for samples and details. 
developments, offering benefits in your product Parkér-Kalon Corp., 200 Varick St., New York 14. 

™-K SOCKET SCREWS AVAILABLE FOR PROMPT DELIVERY 
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®Centrifugal Castings of non-ferrous metals and 
alloys ... Bulletin No. 143. 


@Centrifugal and Static Castings of plain and 
alloyed irons... Bulletin No. 144. 


®Centrifugally Cast Tubular Bushing Stock (and 
solid bars) in all standard sizes . .. Bulletin No. 145. 


Are you thoroughly familiar with what the centrifugal 
process now has to offgr? One of these bulletins could 
well be your tip-off to hig new savings and performance 
advantages. Write today. We'll send all three bulletins 


if you wish. 


SHENANGO-PENN MOLD COMPANY 
1270 West Third Street ° Dover, Ohio 
Executive Offices: Pittsburgh, Pa. 


ALL BRONZES © MONEL 
METAL © ALLOY IRONS 
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ROBABLY the first important industrial 

application of Revere copper sheet was in the 
boiler of one of Robert Fulton’s steamboats. For 
tanks, boilers, water heaters, evaporators, frac- 
tionating columns, stills and other equipment 
copper is still the preferred metal. 

High heat conductivity is an outstanding virtue. 
This means less fuel is consumed, and less time 
required, to bring liquid contained in copper up 
to the desired temperature. 

Corrosion resistance is another vital factor. 
Copper resists the action of water and many other 
fluids indefinitely, protecting against contamina- 
tion, and assuring long life for the boiler or tank. 

Easy fabrication is equally important and means 
lower costs. Any of the usual fabrication methods 
may be used including welding. Revere will 
gladly cooperate with you on welding methods 
and procedures. And should it be necessary to 
replace a copper vessel for any reason, the metal 
has a high reclaim value. 

Revere copper and copper alloys are produced 
in sheet and plate, roll and strip, ond ia bar 
(including welding rod ), tube and pipe, extruded 
shapes and forgings. 


REVERE 


COPPER AND BRASS INCORPORATED 
Founded by Paul Revere in 1801 
230 Park Avenue, New York 17, New York 


Mills: Baltimore, Md.; Chicago, lll.; Detroit, Mich.:; New Bedford, 
Mass.; Rome,'N. Y.—Sales Offices in Principal Cities, Distributors 
E verywhere. 
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70 158 212 270°F. 


A.S.T.M. NO. 1 OIL A.S.T.M. NO. 3 OIL 


IMMERSION FOR 100 


rae) 158 212 270°F 





HOURS IN LIQUIDS AND-AT TEMPERATURE INDICATED 


MATERIAL “A” 
MATERIAL ."'B” 


METHYL 
51 G@) 418) = 


SULPHUR 
DIOXIDE 


FREON 12 


CHOOSING GASKETS FOR WIDE-RANGE USES 


~ Careful balance of required properties needed for best performance 


When a unit is designed to operate with one type of 
fluid at low pressure and at average room tempera- 
tures, gasket or seal specification is easy. But when 
the unit is to be used with several fluids at varying 
temperatures and pressures, the gasket chosen must 
offer the optimum balance of all needed properties. 

The most obvious effect a fluid may have upon a 
gasket material is dimensional change. A fluid will 
shrink a gasket if it can dissolve part of the gasket’s 
ingredients. The same fluid may swell another com- 
pound if that material tends to absorb part of the 
fluid. And certain combinations of materials and 
fluids can cause both phenomena to occur simultane- 
ously. In the latter case, the gasket may remain 
stable in volume though it is changed chemically. 

Fluids may also affect the durometer hardness and 
frictional properties of a seal. If the gasket is im- 
properly selected, plastic flow, stickiness, or loss of 
tensile strenght may result. These effects can be ag- 
gravated by heat. Especially severe are conditions 
under which a gasket is alternately wet and dry. 
This may destroy the efficiency of the gasket by mak- 
ing it either porous or hard, depending on the par- 
ticular fluids and materials-involved. 

Furthermore, if part of the gasket’s ingredients are 
dissolved by the fluid, those ingredients may contami- 


SEND FOR FREE BOOKLET 


Write for the new, 20-page 1947 
edition of ‘‘Armstrong’s Gasket 
and Sealing Materials.”’ It includes 
specification data on more than 40 
of Armstrong’s resilient sealing 
materials and also helpful hints on 
their proper application. Write to- 
day to Armstrong e 
Gaskets and aa gy phe 0 
5109 Arch Street, caster, Pa. 
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Cork Compositions . 
Synthetic Rubber Compounds bd 


Fiber Sheet Packings ® 





nate the fluid to such an extent as to make it unusable. 
Some fluids, when in contact with various compounds, 
also set up chemical reactions that tend to corrode 
certain metals. 

Skillful compounding often can produce a material 
that performs well despite divergent operating condi- 
tions. For example, a manufacturer had been specify- 
ing a certain material for a shaft seal (Compound A, 
charted above). Though this material was considered 
satisfactory in view of the varied conditions under 
which it operated, Armstrong was assigned the task 
of finding something better. The Armstrong Research 
Laboratories then developed Compound B. As shown 
in the chart above, this new material offered greater 
over-all resistance to the fluids encountered. Conse- 
quently, it provided a higher safety factor and more 
satisfactory performance. 

When selecting a gasket material for wide-range 
fluid resistance, we suggest you discuss your particular 
application with an Armstrong Representative. He 
will be glad to analyze the conditions it imposes and 
supply you with samples of the Armstrong materials 
proved to be most suitable. 

If you prefer, send drawings and details to 2 
us. You will find our recommendations keyed ® } 
to good current gasketing practice. \ 


ARMSTRONG '’S 
GASKETS - 


SEALS : PACKINGS 


Cork-and-Synthetic-Rubber Compositions 
Cork-and-Rubber Compositions 


Rag Felt Papers * Natural Cork 
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ie , shrunk-on fit, yet it disengages with less 
1M 7 | LZ THE. AY 3 STOCK RY S42 effort than any other sheave. 
TAPER-LOCK sheaves are available in all 


TAPER'LOCK.... 








THE NEW 
TIME-SAVING 
TAPER BORE SHEAVE 


— 


TAPER-LOCK has the simplest, surest 
mechanism ever devised for holding wheels 
to shafts... TAPER-LOCK saves time. You 
slip it on the shaft, line it up and tighten 
while sighting...TAPER-LOCK runs true. 
It holds with a firmness equivalent to a 








the most wanted sizes. Thus Dodge has 



































CLASS PITCH NUMBER TOTAL not only created a great new product in 
SHEAVE DIAMETER GROOVES SIZES eee . 
the power transmission field, but has made 
i th h- 
en bury 3.0 to 18.0 0% 150 this product adaptable to needs throug 
out industry. 
pp rg 4.6 to 18.4 tte 6 n 4 TAPER-LOCK is a striking example of the 
new Dodge products which help you put 
5.4 to 38.0 7 to 10 76 more power on the job—cut costs and 
ud 20.0 to 38.0 2 to 10 36 increase production. The savings which 
Dodge equipment make possible will be 
c 9.0 to 44.0 3 to 10 128 important to you in the competitive days 
ahead. Get the full story — now. 
° 13.0 to 33.0 4 to 10 77 DODGE MANUFACTURING CORPORATION 
MISHAWAKA © INDIANA 








CALL THE TRANSMISSIONEER 


He’s a factory-trained spe- 
cialist qualified to analyze 
your mechanical power 
transmission needs and rec- 
ommend correct equipment. 
Consult him without obliga- 





tion. Look for his name 
under ‘Power Transmission 


Equipment” in your classi- 


of M ish a wa ka, In d. 4 fied telephone directory. 





Copyright, 1947, Dodge Mfg. Corp. 
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(CNAME PLATES) FOR YOUR NAME PLATE REQUIREMENTS, WRITE OUR SUBSIDIARY, 
ETCHING COMPANY OF AMERICA, 1520 MONTANA STREET, CHICAGO 14, ILLINOIS 
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per anneal... 


THE TURNER BRASS WORKS, Sycamcre, Illinois, 
reports these benefits from the annealing of brass 
tubes for plumbing fixtures with TOCCO Induc- 
tion Heating: 


233% FASTER. Heating %” on end of 1%” diam. 

sink tail pieces to 1100° F. for annealing prior 

to flanging and bending. TOCCO heating with 

motorized work feed produces 233% more output 

than former method. Cost cut from $0.005 to phe are Pha aan arte 
machine annealing brass tubes. 


$0.0015 per anneal. 
perature control produces finer grain structure 


On trap bend tubes, TOCCO cut cost from and less scale, prolonging life of tools and reduc- 
$0.0073 to $0.0027 per anneal. Here, TOCCO ing cost of subsequent buffing operations. 


kes three anneals simult sly int conds. 
aay  Ulateineaar eee Te TOCCO Engineers will help you make similar 


IMPROVES QUALITY. TOCCO’s accurate tem- cost-cutting improvements in your operations. 


THE OHIO CRANKSHAFT COMPANY FREE -—-Mail Coupon Today -—- 


THE OHIO CRANKSHAFT CO. 
Dept. 8-4, Cleveland 1, Ohic 


Send free copy of booklet, 
“INDUCTION HEATING.” 


Name 
Company 


Address 


MacuinE Desicn—September, 1947 











82 


me ie 


ren rvall 2 


| 


(Jddd. 


Awe Wwe Wwe We ee We Me ee gs 











see the new member and — 
all the Holo-Krome family at 

Booth 33-D MACHINE 
ie TOOL SHOW 


adge-Chicago Plant) 
7 SEPT. 17-26. 











COMPLETELY COLD FORGED 
Not Drilled - Broached - Machined 
Holo-Krome Fibro Forged Flat Head Socket Cap 
Screws are made by an exclusive Holo-Krome 
patented method whereby the Head and Body 
in fact, all portions of the screw (threads ex- 
cepted, Standard Class 3 fit) are Completely 
Cold Forged. Fibro Forged Screws inherently 
have the completely continuous fibrous struc- 
ture that results in increased strength. Specify 
“Holo-Krome” for Guaranteed Unfailing Per- 


formance. 


HOLO-KROME 
Fibre foryed 


INTERNAL 
¥ WRENCHING 


THE HOLO-KROME SCREW CORP., HARTFORD 10, CONN., U. S. A. 
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Switching range—> 

















There’s More to Spring Design 
than Spring Designing 


Example: One of the bugaboos of capacitor 
motor design is to switch out the starting 
winding at the right time. . . not too soon else 
the motor will jockey between starting and 
running windings... not too late or the starting 
winding may burn out. 

Ordinarily, a tendency to switch out at the 
wrong speed is not apprehended before the mo- 
tor is tested, and at that stage can be costly in 
terms of assembly time. If you are a motor 
manufacturer you can eliminate the possibility 
of trouble by using Hunter springs, quality- 
controlled and color-coded to match variations 
in your centrifugal mechanisms. 

/ 


The centrifugal mechanism is not merely a 
riddle in spring design. It is more accurately a 
matter of engineering strategy. Hunter, has, in 
addition to its spring designers, a separate 
complement of electrical and mechanical engi- 
neers. These men can be maneuvered quickly 
into position to aid spring designers. Hunter 
also brings to bear on your problem the only 
testing equipment of its kind, especially de- 
vised by the Hunter Special Apparatus Divi- 
sion for attaining your objective. 

More information about this special service 
for motor makers (or anyone with a similar 
centrifugal application) is yours on request. 


HUNTER PRESSED STEEL COMPANY 


LANSDALE, PENNSYLVANIA 


Springs, Metal Stampings, Wire Forms, Mechanical and Electrical Assemblies 








CONTINENTAL CARBIDE-TIPPED 
Roughing and finishing deming cutters for air- 
craft cylinder heads. 
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of the MACHINE TOOL SHOW 


Be sure to see Continentdl’s display of standard and special 


= cutting tools when yoy visit the Machine Tool Show at the 


Dodge-Chicago Plant, September 17 to 26. Continental Tool 

Works, a division of Ex-Cell-O Corporation, has been designing 

and manufacturing cutting tools for American industry for 28 

years. Watch Continental’s precision-made cuiting tools in action 

on metal-working machines when you visit the Ex-Cell-O booth 
(No. 518) at the Chicago Show. 








CONTINENTAL 
PRECISION BROACH 


Invelute Spline Broach. 
Centinental makes all 
kinds of round, square, 
rectangular, spline and 


Continental's famous 
counterbere with bal- 
anced indestructible 
drive. Teolroom counter- 
bore sets—in three sizes 
(See them at the Show.) 


ra — 47—27 








CONTINENTAL TOOL WORKS 


DIVISION OF EX-CELL-O CORPORATION 
DETROIT 6, MICHIGAN 
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-TO SOLVE 


Your 

































Specialized 


METAL WORKING FACILITIES 


57 years of practical know-how plus dependable 
BRANDT service satisfies many exacting customers 
in widely diverse industries. For these customers 
and you, BRANDT designs and fabricates metal 
products and their components in wide variety to 
fit exacting specifications. 

Mass production facilities serve customers well. 
BRANDT assures them of economical quantity pro- 
duction of stampings, weldments, and complete 
assemblies. 

BRANDT’S extensive facilities for fabricating all 
types of metals go hand in glove with BRANDT’S 
competent precision minded workmanship. 
BRANDT’S unit control of raw materials — close 






























































proximity to dependable supply sources — makes 
completion according to schedule the regular 
practice. 

57 years of customer satisfaction lends sense to the 
dollars and cents value assured ... when you call 
BRANDT. 

STAMPINGS * FORMING 


HEAVY WELDMENTS 


Spot welded assemblies, plate fabrication, complete 
assemblies, crating and shipping facilities. 
Mild steel, stainless steel, armor plate, sheet metal, 
aluminum, magnesium, non-ferrous metals. 








All under one == 
roof, in the midst of 

major rail, water and high- 
way transportation facilities. 













BALTIMORE = 
CHARLES T. BRANDT, INC., 1700 RIDGELY ST., BALTO. 30, MD. 


57 Years of Specialized Precision Metal Working Experience 








MAcHINE Desicgn—September, 1947 §5 











HOSE NOZZLE 





TANK UNIT 


To Tuam Ground Time tril Plight Time 


THE NEW PARKER UNDERWING FUELING EQUIPMENT 


If you fly at a cruising speed of, say 275 mph, you’re losing 23 revenue 
miles every five minutes you’re on the ground. You can save. those 
miles—with the new PARKER underwing fueling tank valve and 
mating hose nozzle. 

For example, in actual operation, standard commercial transport 
planes have been gassed up—1,000 gallons—in 8 minutes! Using 
ordinary methods, it would take at least 50 minutes—more than 
six times as long! 

But time is not all you’ll save. Underwing fueling is safer—no 
climbing on icy wings, no open fire hazard. It’s cleaner—no dirt can 
blow into the tank, and there’s no overflow to spill on the runway. 
It’s easier on maintenance—no scraping over de-icer boots and 
wing surfaces. 

PARKER Underwing Fueling Equipment (to specifications approv- 
ed by the Air Transport Association) is designed to handle up to 200 
gallons per minute. Can you save on-the-ground time at that rate? Let 


us furnish complete details. Ask for. Bulletin 520. 


THE PARKER APPLIANCE COMPANY 
17325 Euclid Avenue . Cleveland 12, Ohie 





OTHER PARKER 
AIRCRAFT PRODUCTS 


@Tube Fittings—AN stdndard 
and flareless types. 


e@ Fuel Valves—shut-off, selector, 
including motor-driven. 


© Hydraulic Valves—check, re- 
lief, restrictor, shuttle, etc. 


© Air and Vacuum Valves, Swing 
Check Valves. 


© Engine Primers, Strainers, Drain 
Cocks. 


Write for Bulletin A4l, reviewing 
PARKER Aircraft Products. 


arker 





Plants: Cleveland and Los Angeles 


Offices: New York, Cleveland, Chicago, Los Angeles, 
Dallas, Atlanta 


Distributors in Principal Cities 





TUBE FITTINGS * VALVES 
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LORD FLEXIBLE 
COUPLINGS 


contribute much to the smooth 


operation of our equipment, says 


CENTURY PROJECTOR CORP. 


By smooth operation, Century Projector Corporation 
means just that... especially the motor drive, which must 
be quiet, uniform, impulse-free . . . essential factors contrib- 
uting to high-fidelity projection and sound that character- 
izes the Century Motion Picture Projector and Sound Re- 
producer. That’s why Lord Flexible Couplings are specified 
... their exclusive one-piece bonded-rubber construction 
gives extra resiliency that dampens torsional vibration. 


Perhaps you don’t make projectors, but by specifying 
Lord Flexible Couplings in your product, you get unusual 
flexibility that cushions starting torque and torsional vibra- 
tion... quiet performance—without -noise transmission . .. 
long life—no lubrication required ... all plus-values for 
your customers in smooth power transmission and trouble- 
free service. 


Whatever you make, you'll want the longer life, the 
smooth, quiet performance, and the increased sales which 
Lord Flexible Couplings and Mountings can bring to your 
product... through elimination of costly, destructive vibra- 
tion and noise. 


It will pay you to consult Lord ... let us give you the 
advantages of a Lord Vibration Control System engineered 
to your requirements. Write or phone us today. 


Above: Closeup of Lord Flexi- 
ble Coupling in the motor drive 
of the Century Master Theater 
Sound Reproducer. 


These efficient, one-piece bond- 
ed-rubber couplings are quiet, 
stay quiet...accommodate shaft 
misalignment...are quickly and 
easily installed...and give long, 
trouble-free service. 
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PLATING PROCESS 


(The Periodic Reverse Current 
Electroplating Process) 





The PR Plating Process, an engineer- 


ing development of the Westing- wreiees pmrgueran - 
A : : ontactor Unit which effects 

house Electric Corp ern involv " current reversal at the plat- 

plating in the conventional fashion Ship feel: 

for a given length of time, followed , 

by current reversal for a short period. a Increased rate of plating 


Repetition of this cycle provides the 
following advantages: 





(2) Improved surface brightness 
© Increased density of deposited metal 
4) Improved metal distribution 


Characteristic Voltage - Time 
© increased smoothness of deposit ee Ss ee 


troller. Sample curve shows 
2 starting line at zero voltage. 
6 | Decreased porosity Short cycle is anodic; long 


cycle is cathodic. 


3 Better corrosion protection 


6 A method for obtaining 
heavier deposits 





Licensing Agreements now 
available for issuance. Write: 


* 





FIR 
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» 
l YOUR PRESENT product development 


plans require the accurate control of 


temperatures or pressures, the regulation of 
valves, the movement of-switches or shutters 
. ». you're invited to bring your problems 


to Fulton Sylphon’s bellows engineers. 


Here, we specialize in creating and produc- 
ing bellows and bellows assemblies of just 


the right metals, and in just the right sizes 





and styles to meet the specific requirements 


of customers throughout industry. 


Backed by over 40 years’ experience in this 
field, our engineering staff and extensive 
production facilities are at your disposal 
. . . for the development of an idea or the 


manufacture of large volume orders. 


Catalog RK -1300 gives complete informa- 
tion. Write for your copy today, 





. : THE FULTON SYLPHON CO. KNOXVILLE 4, TENN, 


FIRST ee BELLOWS _ /empperattute ConitroGs * Bows Drouvcces ‘ B , as WY 


Canadian Representatives, Darling Brothers, Montreal 
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@ IN PROPER COMBINATION... 


These Standard SUNDSTRAND Hydraulic Elements 












a 





FLUID MOTORS 





CLAMPING PUMPS TRANSMISSIONS 








TRIPLE 
SOLENOID VALVES 





FOUR-WAY VALVES 


LUBRICATING PUMPS 


... Will Give YOU These Requirements Plus Better Designs 











ROAD GRADERS 


needing compact econom- 
ical units for positioning 
blades, etc. 


PACKAGING MACHINERY, etc. 


... where requirements include 
variable speeds, accurate, fast 
control and consistently accu- 
rate duplication of movements. 


HANDLING EQUIPMENT 


. needing fast, snappy action 
in moving heavy loads quickly 
and accurately to required 
heights. 


MACHINE TOOLS 


where requirements often 
include effective speed and feed 
controls and consistently accu- 
rate clamping pressures. 








2559 ELEVENTH STREET 
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FUEI UNITS @ HYDRAULIC PUMPS e@ TRANSMISSIONS @ FLUID MOTORS @ VALVES and CONTROLS 


If you're designing new equipment or re-designing 
present models, a de ett hydraulic application en- 
gineer will be glad to assist with the circuit design. 
Many designers have found better solutions to require- 
ments similar to those listed at the left... better circuits 


‘with less equipment, through the use of these time- 


tested standard elements and Sundstrand’s engineering 
service. 


See These Hydraulic Elements in Action 
at the Machine Too! Show 


Included in our exhibit in Booth No. 21 at the Dodge 
Plant in Chicago are: (1) Model 2 HT Hydraulic Trans- 
mission complete with control to provide start, stop 
and reverse with adjustment for stepless speed range 
from 10 to 2400 RPM in each direction of rotation; 
(2) epey of two pumps, one actuating a machine tool 
cycle while the other provides hydraulic clamping; (3) 
A variable, displacement, piston type closed circuit 
pump with servo control to vary pump displacement 
from 0 to 20 g.p.m.; (4)°A new hydraulically balanced 
constant displacement pump, and, (5) Displays of stand- 
ard hydraulic yew gees such as fuel pumps, lubricating 
pumps, single and triple solenoid valves, fluid motors, 
and hydraulic transmissions for complete circuits. Don’t 
miss this display . . . September 17-26. 


* ROCKFORD, ILLINOIS 
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WHERE THERE’S A WILL 


theres a way 


Tr YOU ARE REALLY TRYING to cut costs end impros 
et the same time, specify FORMETAL. Through the exclusive qualities of 
these bushings end bearings, you can produce savings in materials and in operating 





Te get products really rolling ... use FORMET, 


National Formetal Co., inc. 6604 Metta Ave., Cleveland 14, Ohio 








ee. Le ae 5 ing sina des 3 %: Oe We ete REE Rape te 
ging Wee ik Beet: gE AS Ae SOO ae i i Ra an Ree PREP B IE ES 


NATIONAL FORMETAL CO., INC. 
ESTABLISHED 1919 
Manufacturers of “Superformed” Bushings and Bearings ... and Spacer Tubes 


6604 METTA AVENUE «+ CLEVELAND 14, OHIO 
Offices in DETROIT * CHICAGO » NEW YORK « LOS ANGELES « INDIANAPOLIS 















Please send free copy of your new catalog. 
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THE NEW ONAN 
CK” and “BH” ENGINES... 


More and more builders of engine-driven equipment are 
turning to the new Onan engines for powering new products 
and 5 CE their present ones. The “CK” (10 hp) and 


“BH” (5.5 hp) are heavy-duty, 4-cycle, air-cooled engines 
with the wide power range, compactness and lightweight 
which make them readily adaptable to hundreds of jobs. 
Special models. are available with gear reduction, electric 
starting, spring-loaded clutch and =f pen carburetion. 
Accessories to fit the job . . . mounted fuel tanks, centrifugal 
clutch with pulleys, etc., can be supplied. 
Let us he - you solve your power application problem. 
Write for information and specifications. 
ONAN AIR-COOLED ENGINES: CK—2-cylinder opposed, 10 hp. BH—2- 
cylinder oppesed, 5.5 hp. COM-1B—1-cylinder, 3.25 hp. 
GNAN ELECTRIC PLANTS: 350 to 35,000 watts. 


Immediate delivery on early orders. 
D. W. ONAN & SONS INC. 


Onan 4340 ROYALSTON AVENUE 
Goes MINNEAPOLIS 5, MINN. 
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THE FELLOWS METHOD... MACHINES AND TOOLS FOR | ALL 
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| Ready 
fo take over 





A New...Revolutionary... PLANETARY GEAR 
SHAPER! A new conception of gear tooth gener- 















ating—staged, progressive cutting from rough 
cutting to pre-shave finishing with one cutter. 
Cutting divided between various stages of cutter 
teeth—all precision ground in balanced sequence. 
All teeth are resharpened in one cutter-grinding 
operation. Set-up and operation is easy. The 
ideal machine for the operator— he likes it. The 
Fellows Gear Shaper Company, Head Office and 
Export Dept., Springfield, Vermont, Branch 
Offices: 616 Fisher Bldg., Detroit 2, 640 West 
Town Office Bldg., Chicago 12, 7706 Empire 
State Bldg., New York I. 


“* —., 
yy} ~ ff -_ 
» 4 ; ie Fi 
The New Fellows Planetary Gear Shaper — bigger 
and more productive than you can imagine. 
. 
4 


ALL OPERATIONS FROM BLANK TO FINISHED GEAR 
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RACINE HYDRAULICS 














Racine Variable Volume Oil Hydraulic Pump 
with solenoid operated 2-pressure control. 
These pumps supply the power for shearing, 
punching and trimming spring leaves that are 
fabricated by this press. Fifty foot bars are 
fed into one end of the press. A complete 
spring is fabricated on each cycle. 











PHOTO COURTESY SPRING 
PERCH COMPANY, INC, 
LACKAWANNA, WN. ¥, 


Smooth Oil-Cushioned Action 
Under Variable Volume Control 


The built-in Variable Volume feature of RACINE Pumps simpli- 
fies your hydraulic circuits, reduces piping and eliminates the 
use of relief and by-pass valves. Your machine runs shock-free, 


cool and uses less horsepower. Aggregate cost of complete hy- Racine Aydradlie 
draulic assembly is substantially reduced. METAL CUTTING MACHINES 


RACINE users now include manufacturers of Presses, Die Casting 
and Plastic-Molding Machines, Drilling and Woodworking 


Featuring open front design—sim- 
ple one lever control—smooth oil- 





equipment, Lifts, Elevators and many additional types of cushioned progressive feed. Cut an 
machines. An impressive number have standardized on RACINE’s metal from light tubings te Pes hat 
full line of Variable Volume pumps, Sleeve Type valves and shapes and billets of tough tool 
Hydraulic pressure boosters. steels. Models in all price ranges. 
Let us prepare for you, a full outline of the special advantages Capacities 6” x 6” to 20” x 20”. 
your product can present when RACINE Hydraulic Equipment is Write for complete catalog No. 12. 


used. Make our Variable Volume feature a part of your machine. 
RAcINE hydraulic engineers will give you full cooperation with- 
out cost or obligation. Write today for our Free catalog P-10-C. 
RACINE TOOL AND MACHINE COMPANY, 1773 State St., Racine, 
Wisconsin, 











WE INVITE YOU TO VISIT OUR BOOTH NO. 443 AT THE 
NATIONAL MACHINE TOOL BUILDERS’ SHOW 


RACINE 


STANDARD FOR QUALITY AND PRECISION 


<oR QUALITY Ang 
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WHAT IS THE BEST WAY 
TO PRODUCE THIS PART 


6 


Perhaps you expect a “snap” answer 
that powder metallurgy is always the 
best way to produce intricately shaped 
parts with a fine finish. 


You won’t get it, because Moraine 
Products doesn’t believe in snap answers. 


Actually, the part shown was practical 
for powder metallurgy only because 
certain conditions were fulfilled: 1) The 
shape permitted good die fill and even 
density; 2) the order was sufficiently 
large to amortize tooling costs; 3) the 
physical properties required were within 
the range attainable in normal production. 


The point we want to make is this: When 
you put your parts problem up to 
‘ Moraine Products, you get a straight 
answer, based on a broad manufacturing 
experience. As a large producer of auto- 
motive equipment, utilizing varied metals 
and metal-working techniques, Moraine 
Products brings a practical, dollars-and- 
cents approach to powder metallurgy. 
There’s a good chance that metal powder 
parts by Moraine can save you money. 





MORAINE PRODUCTS °’.."" GENERAL MOTORS 


DAYTON, OHIO 





METAL POW DER 
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WORLD-WIDE STANDARDS of manufacture 
and testing would result in the development of a 
set of yardsticks whereby the standards of one 
country could be compared with those of another 
and expressed in definite numerical relationships. 
According to the General Electric Co. international 
trade in electrical goods is often handicapped be- 
cause of the varying standards of the countries in- 
volved. 


SOFT SOLDERING of aluminum can be accom- 
plished by copper plating and then soldering in the 
usual manner. The copper should be stripped from 
the rest of the surface after soldering using chromic- 
sulfuric acid to avoid the corrosive hazard of a cop- 
per-aluminum couple. Aluminum can also be brass 
plated for bonding to rubber, chromium plated for 
resistance to wear or alkalies or zinc plated to pre- 
vent seizing of threaded parts, according to R. A. 
Ehrhardt and J. M. Guthrie in The Monthly Review 
of the American Electroplaters Society. 


CERAMIC SPRINGS may have useful properties 
in special equipment. A research development at 
American Lava Corp. and made of steatite, these 
units have little “spring” but their factor of com- 
pression and expansion may prove valuable in some 
applications. 


ENDLESS BELT of Type 302 stainless steel 36 
inches wide and 0.30-inch thick has been produced 
by welding the joint with a tungsten electrode in 
argon gas atmosphere, with the thin sheets slightly 
overlapping at the start of the weld. The method 
was developed by General Electric welding engi- 
neers as an improvement over a straight butt joint, 
reducing distortion and providing adequate reinforce- 
ment without adding filler material. 


INSTITUTE OF NUMERICAL ANALYSIS is 
being established at the University of California at 
Los Angeles as one of the newest units of the Na- 


tional Bureau of Standards. A 
high-speed electronic computing 
machine will be installed at the 
institute which will solve in min- 
utes those problems which now 
take days and will solve in days 
those that are now out of reach. 
Design specifications call for high 
memory capacity and automatically sequenced math- 
ematical operations from start to finish. The insti- 
tute will do research in applied mathematics and 
also act as a service group for Western industries, 
research institutions and government agencies. 


ELECTROLESS PLATING, a new method of 
plating nickel and cobalt on metal surfaces without 
the use of electric current, has been developed by 
the National Bureau of Standards. The process in- 
volves chemical reduction of a nickel or cobalt salt 
with hypophosphite in hot solution. The reaction is 
catalytic, and under the prescribed conditions of 
concentration and pH, no plating occurs unless 
certain metals are introduced in the bath. An ad- 
herent coating of 93 to 97 per cent purity is pro- 
duced on the immersed metal. 


MACHINERY MARKET for small-farm equip- 
ment will be one billion dollars annually for at least 
several years, based on a recent survey made by the 
Anti-Friction Bearing Manufacturers Association. A 
whole range of new, low-cost implements are ex- 
pected to do for the one-man farm what the cotton 
picker is doing for the southern plantation. 


NEW SYNTHETIC RUBBER, compounded by 
Parker Appliance Co., meets rigid tests for wear, 
heat and cold resistance, for physical properties and 
aging, and for precision manufacture. The synthetic 
was developed for O-ring packings and seals, meet- 
ing exacting Army-Navy specifications. 


COATING FOR ALUMINUM and its alloys, 
either as a basis for paint or for protecting unpainted 
aluminum to be exposed in a corrosive environment, 
has been developed by the American Chemical Paint 
Co. Protection is generally equal to an anodic oxide 
coating or the oxide formed in the alkaline dichro- 
mate process. Time required for treatment is 2% 
minutes. 
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at the MACHINE TOOL SHOW... 


YOU WILL SEE THE 
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Machine Tool Builders use 


Vickers Hydraulic Equipment 


to meet the ever increasing 


demand for Higher Production 


Rates, Reduced Parts Costs" 


Tale | lingboudd Product Quality 


Vickers Hydraulic Controls have played a significant part in 
the development of many modern machine tools because 
they provide the designer with opportunities for improvement 
not available by other methods. From simple machine tools 
to completely automatic processing machines, Vickers Hy- 
draulic Equipment makes good machines even better. 


You can see the many advantages which Vickers Hydraulic 
Controls have contributed to modern machine tools in more 


BOOTH og es. 














than 30 booths at the Machine Tool Show—booths of machine 
tool builders who are displaying Vickers Hydraulic equipped 
machines of many types. It will be very much worth your 
while to inspect these machines. 


To make it easy for you to find these exhibits, we have pre- 
pared a booklet illustrating the machines, listing the names 
of the manufacturers and showing their booth locations. 
Stop at Vickers Booth No. 228 for your copy. 





VICKERS Incorporated 


~DIVISION..OF.-THE-SRERRY. CORPORATION. < : re 


“1430 OAKMAN BLVD. - DETROIT 32, MICHIGAN 


Vickers Engineering Offices: ATLANTA @ CHICAGO e CINCINNATI @ CLEVELAND 
DETROIT e LOS ANGELES e MIAMI e NEWARK e PHILADELPHIA e ROCKFORD 
ROCHESTER @ SEATTLE @ ST. LOUIS e TULSA e WASHINGTON @ WORCESTER 


3241 





i is a bic a ls 


" ENGINEERS AND BUILDERS OF OIL 


HYDRAULIC 


EQUIPMENT SINCE 1921 
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BRANCH OFFICES: NEW YORK 17 


ca by Micabond .- - - 


high heat resistance 


high moisture resistance 


high dielectric strength 


If you want electrical insulation that will withstand heat— 
that is little affected by moisture—and that will provide 
excellent dielectric properties—specily C-D Micabond. 

Micabond combines the heat resistance, moisture re- 
sistance and electrical insulating properties of raw mica 
into easy-to-use sheet, tube and tape form. Micabond sheet 
is easily punched and formed for commutator segments 
and rings, heating element insulators, terminal washers 
and similar applications. Micabond tube is ideal for many 
applications such as resistance coils and insulating bush- 
ings. Micabond tape is used extensively as 4 highly efficient 
insulating wrapping for coils. 

C-D Micabond is made in 23 standard types and grades 
__one or more of which is sure to ive you the specific in- 
sulating properties required to improve the overall per 
formance of your product. For complete information on Cc-D 
Micabond, write for our latest Micabond bulletin or ask 


us to have an engineer help you with your problem. 


¢ CLEVELA 
ND 14 ¢ CHICAGO 11 





c-D NON-METALLIC 
PRODUCTS . 


DIAMOND VULCANIZED FIBRE 
VULCOID—RFesin Impregnated Vulcanized 
Fibre. 

DILECTO—Thermosetting Laminated Plas- 
tics. 

CELORON—A Molded Phenolic Plastic. 
MICABOND—Built-up Mica Electrical In- 
sulation. 

HAVEG—Piastic Chemical Equipment, 
Pipe, Valves and Fittings. 


Available in Standard Sheets, Rods and 
Tubes; and Parts Fabricated, Formed of 
Molded to Specifications. 





DESCRIPTIVE LITERATURE 


Bulletin GF gives Comprehensive Data on all 
C-D Products. Catalogs are also available. 





WEST COAST REP’ 
RESENTATIVES 
: MARWOOD LTD . 
. SAN FR SPARTANBURG 
ANCISCO 3 + IN CANADA: ,8.C. ¢ SALES O 
: DIAMOND STATE FIBRE CO FFICES IN PRINCIPAL CITIES 
» OF CANADA 
, LTD., TORONTO 
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MACHINE DESIEN 
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By David F. Welch 


Member of faculty, California Institute of Technology 
and Industrial Designer 


S COMPETITION increases in all branches of industry, more and more emphasis 
is being placed on appearance as an essential sales factor in machine and product 
design, Fig. 1. Hence it is only logical that everyone connected in any way with 

the field of design from the chief engineer to the detail draftsman should have an appre- 
ciation of aesthetics in relation to design. This will be of value to the chief engineer in 
working with the design consultant as well as to his entire staff in the promotion of better 
désign. The purpose of this article is to better acquaint the engineer with the design proc- 
ess from the industrial designer’s point of view and with the basic factors which must be 
considered in appearance design. 

Sales value of appearance relative to cost, performance, and the expected life may 
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Designing for Improved Appearance 





Fig. 1 — Above — Progres- 
sion in design of package 
sealer throughout the 
years. In most recent 
model, designed by Eg- 
mont Arens in collabora- 
tion with engineers of the 
Nashua Package Sealing 
Co., rhythmic relationships 
have been created by use 
of dynamic lines 
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“ stoves and refrigerators, where the consumer is in 




















Fig. 2—Above—Texture of black wrinkle finish has 
been functionally used on this typewriter to reduce 
glare. Dust-catching areas are covered or elimi- 
nated and a thin chrome strip covers the parting 
line between cover and frame. Designed by Henry 
Dreyfuss for the Royal Typewriter Co. 


Fig. 3—Right—Internal grinder before redesign (Fig. 

4) presented conglomerate mass of mechanism and 

controls suggestive of complexity and difficulty of 
operation and maintenance 


Fig. 4—Right, below—Redesign of Heald Machine 
company’s internal grinder by Walter Dorwin Teague 
entailed logical grouping of ,controls, greatly simpli- 
fied form and use of removable housings and cover 
plates to facilitate cleaning and maintenance 


vary considerably in different machines and in sim- 
ilar machines in different price ranges. Appearance 
in highly competitive items may in many instances 
be solely responsible for attracting attention, creat- 
ing the desire and consummating the sale.’ Among 
expensive appliances, such as washing machines, 


reality making an appreciable investment when pur- 
chasing, maximum utility, efficiency and guaranteed 
performance play a relatively more important part 
than in inexpensive items. However, appearance 
still may outweigh these other factors, particularly 
where the final choice is made by the feminine consumer. 
The design in this case must meet two criteria: First, it 
must look more attractive than a competitive model on the 
sales floor and secondly, it must be appropriate in its sur- 
roundings-—the user’s home. 

Styling should not be carried to the extent that a ma- 
chine may become objectionably dated in appearance after 
serving only a small-part of its useful life. Office, scien- 
tific and industrial equipment demand the most conserva- 
tive treatment. Here function and cost are of primary im- 
portance but appearance still plays an-important role in 
competitive selling. Exemplification of these considera- 
tions is found in the modern typewriter, Fig. 2. The de- 
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signer must constantly keep in mind that the consumer 
will be living with his designs, and they should be not 
only well engineered but also pleasing aesthetically. They 
must not be designed merely as eye catchers on the sales 
floor which soon turn out to be eye-sores in the factory, 
office or home. 

Good appearance design is largely a product of the in- 
dividual designer’s insight into the specific problem, his 
own critical ability, and his appreciation of potentialities 
in new materials and fabrication techniques. Without 
highly developed aesthetic judgment and critical ability it 
is obvious the designer would never be able to improve 
his own first sketches, let alone approach to any degree a 





wenenenmvane 


theoretically ideal form. Aesthetic judgment seems to be 
a quality possessed by many persons in varying degrees, 
yet one which seems to be totally lacking in others. Even 
with a faculty for this judgment or critical ability, it can 
be developed further only over a long period of time after 
intense study and broad experience, preferably under the 
guidance of various trained designers and not under one 
individual. It cannot be accomplished through study 
alone. The design considerations presented in the follow- 
ing discussion are only to be considered as a guide in ob- 
jectively analyzing or criticizing design, and it should be 
emphatically stated that there are no laws or sets of rules 
which should be or can be followed implicitly in designing 
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a thoroughly satisfactory, attractive machine. 


Tue Basic Form: The first step in the development 
of any new design should be a highly critical analysis of 
all functional aspects of the desired machine. Next, a 
purely theoretical “ideal machine” should be visualized 
as one which will perform all these functions to perfection 
and yet one which the designer may only expect to ap- 
proach in actuality. This step can be entirely a mental 
process and yet will often help to suggest the most direct 
and fundamental approach to the problem. Before pro- 
ceeding with preliminary sketches, the designer should 
make a comprehensive study of any available information 
on competitive machines, related patents and the prob- 
lems of marketing the specific machine. 

With as complete a background as time permits the de- 
signer may proceed with his sketches and preliminary lay; 
outs. In this stage of design the basic form begins to 

take shape. By the term basic form is meant the group- 
ing or organization of all structural elements and moving 
parts in such a manner that there results an efficient work- 
ing model of the mechanism or machine. As further im- 
provements are made in relation to the utility, safety and 
maintenance of the machine, this basic form will undergo 
minor changes and refinements. Still additional changes 
may be made in the final selection of materials and sim- 
plification of the manufacturing processes. Actually all 
these factors are synthesized in the designer’s mind as he 
makes his first sketches. The quality of his basic design 
will depend largely on his own creative ability, his ‘back- 
ground of knowledge, and the amount of time available. 
Again, in actual practice a whole design group may be 
working on the particular project and, if properly guided, 
the final design is likely to be superior to that conceived 
by any one individual. 

Uturry: It has been stated that function in terms of 

utility, safety and maintenance plays the major role in de- 
termining the basic form. A simple illustration will serve 
to further clarify this statement. An excellent example of 
how utility may affect the basic form may be seen in one 
of man’s oldest and simplest tools, the hammer. In a very 


Fig. 5—Below Portable sales register by Walter Dorwin 
Teague in collaboration with engircers of Moore Business 
Forms, Inc. . It is a trim, convenient-sized hand machine 


finished in two tones of gray, with zinc die castings to 
house the forwarding mechanism. Bright red pushbutton 
adds dash to the sleekness of chrome-vlated surfaces 
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general sense the principal use of the hammer is as an 
implement for pounding or striking. It consists of two 
principal parts: The head or weighted striking surface, 
and a handle or lever arm to provide a mechanical ad- 
vantage. Consider next the many specialized uses of this 
simple tool, a few of which are pounding stakes, driving 
spikes, forging steel, hammering and pulling nails, form- 
ing sheet metal, and planishing jewelry. In each case 
the specific use demands an entirely different basic form. 
The sledge hammer, the claw hammer, the ball peen, and 
the tiny planishing hammer all have different forms, each 
determined by the consideration of maximum utility for 
its special function. Within each of these categories there 
are also many variations in shapes, sizes and materials 
each designed for its specific purpose. It is important to 
note that each hammer is a really beautiful tool only when 
its basic proportions are carefully refined and its surface 
nicely finished in production. This example may serve to 
illustrate the infinite number of variations possible in the 
basic form of a more complex machine. 


SAFETY: Safety, as the next essential consideration in 
design, may affect the basic form by necessitating heavier 
structural bracing or the addition of covers and guards to 
enclose exposed moving parts, gear trains or electrical cir- 
cuits. ° Bumpers on automobiles, guards on machinery, 
and covers on switch boxes all are essential primarily tor 
safety reasons and all affect the appearance of the basic 
form. 


MAINTENANCE: The maintenance factor may have 4a 
much less obvious effect on the basic form but often ne- 
cessitates extra handles, exposed fastenings and additional 
breaks in the surfaces or covers of the basic form. The 
automobile hood, removable covers and plates on machine 
tools or motor housings, all cause slight variations in the 
original form. In redesigning the internal grinder, Figs. 
3 and 4, maintenance was an important consideration, re- 
sulting in strategically placed removable cover plates. 


Cost, MATERIALS AND FasricaTion: Although cost 
may be rated as of secondary importance in our discus- 
sion of factors influencing the appearance of our basic 
form, it is certainly of paramount importance to the man- 
ufacturer. Actually the effect of cost on the form is in- 
direct but, assuming the functional aspects are all pro- 
vided for, cost often may dictate the use of certain mate- 
vials and certain methods of fabrication which may also 
affect changes in form. The automobile wheel is an ex- 
ample of a comparatively simple unit the function of 
which on a 1947 model is much the same as on a 1917 
model; vet its appearance has been considerably changed 
with the use of diflerent materials and techniques in man- 
ufacture. The modern formed disk wheel is certainly 
cleaner in appearance, cheaper to produce and stronger 
than the old wire wheels and the earlier wood-spoke 
wheels. Here a different material, used to perform the 
same function, has necessitated a change in form and pro- 
vided a better wheel at lower cost. 

Advances in manufacturing techniques have brought 
about the simplification of many production problems and 
in turn have helped to lower costs. Die casting has made 
it possible to produce in large quantities rather complex 
housings for items such as business machines, sewing ma- 
chines and other household appliances at a great saving 
in machining time. A good example is the sales register 
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of Fig. 5. Progress in sheet metal forming, furnace braz- 
ing and spot welding has in turn brought about the re- 
design of many articles formerly made as heavy castings. 
In each case of redesign some modifications of the orig- 
inal basic forms is required. 

REFINEMENT OF THE Basic Form: So far the discussion 
has been centered on the way in which utility, safety, 
maintenance, choice of materials, and manufacturing costs 
enter into the problem of determining the basic form. 
Now assuming a basic form has been logically developed, 
further refinement of this form from the appearance stand- 
point is necessary. As an introduction to this phase of 
design the following outline will give an integrated con- 
cept of the ideas to be presented. 


Inherent Qualities in Aesthetically Satisfying Form 
A. UNITY 
1. Simplification of Form 
2. Proportioral Relationships 
8. Repetition 
B. INTEREST 
1. Emphasis 
2. Contrast 
3. Rhythm 
C. BALANCE 
1. Symmetry 
2. Asymmetry 


Further Enhancement of Basic Form Through 
Surface Treatment 

A. CoLor 

B. TEXTURE 

C. QUALITY 


These requirements or qualities are inherent in all good 
design. They cannot be considered as complete within 
themselves nor are they to be used as a list of require- 
ments which must be conscientiously met step by step in 
developing a design. They are merely a list of various 
qualities which have been recognized by many art critics 
and philosophers as essential elements in all truly great 
works of art and architecture of the past and present. 
They may be of value to the industrial designer only as 
a possible check in the critical analysis of design and not 
as a set of tools. Perception based on sound training in the 
arts will be the only real guide in the formulation of good 
design. 


_ Unrry: Unity is probably the most important single 
requirement of any form which is to be aesthetically 
pleasing. The term unity will be used to imply an orderly, 
consistent and harmonious relationship between all por- 
tions of the form as a whole. A form which lacks unity, 





one wnose various elements seem to have no relaticnship 
to each other or the form as a whole, is disturbing. The 
analytical observer may recognize this disharmony as 
such and understand his negative reaction to the form 
while the casual observer may merely dislike the form 
without understanding the reason. Most of us derive 
certain satisfaction conscious or otherwise when we can 
readily perceive relationships. In such a complex and 
busy age, easy perception of unity, order and relationships 
may act as a tonic to counteract some of the many dis- 
harmonies in daily life. 

Simplification often effects the most dramatic modifica- 
tions of form in the struggle for unity. The typewriter, 
the electric motor, and the automobile, Fig. 6, are all 
excellent examples of inventions which were first pro- 
duced as rather confusing masses of functional elements 
when judged from an aesthetic point of view. Each of 
these today has been greatly simplified in form and is not 
only more serviceable functionally but more pleasing 
visually. 


Effects of Proportional Relationships 


\'roportional relationships are another primary factor 
to be considered in connection with unity. The basic 
form as it was conceived originally often may be modi- 
fied to give more pleasing proportional relationships with- 
out seriously affecting any of the functional aspects. The 
overall length, width and height ratios may be improved 
in a simple housing or rearranged in certain cases where 
the appearance can be improved. Proportional relation- 
ships as they affect the unity of the whole are particularly 
important in the design of covers, housings, and structural 
supports. The Greeks were particularly conscious of pro- 
portion in their art and architecture, carefully planning 
the basic form or structure as well as the proportions and 
relationship of every element in it. 

Scale, another element, may be considered in conjunc- 
tion with proportion. Scale is used in the sense of size 
relationship. For example, an attractive nameplate of a 
certain size may definitely enhance the beauty of a part- 
icular unit while a small one may look like an after- 
thought and a larger one may overpower the over-all de- 
sign. A simple chrome strip correctly handled often may 
become an asset to the design as well as covering up an 
unattractive parting line. Scale is of utmost importance in 
details such as chrome trim, scored lines or integral bands 
which are devices too frequently used only as decorative 
elements. 

Repetition is an extremely valuable aid in the further 


Fig. 6— Studebaker 1947 
Champion coupe; body styl- 
ing by Raymond Loewy Asso- 
ciates. Additional roominess 
and better visibility were two 
objectives in this design. This 
model probably is the har- 
binger of new trend in the 
highly specialized field of 
automobile styling 
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unification of any design. Certain characteristic lines, 
surface contours, fillets and radii or sometimes even forms 
repeated appropriately throughout the basic form will 
aid immeasurably in the refinement of a unified and 
coherent design. Repetition must be used logically and 
carefully so that it gets neither ridiculous nor monoto- 
nous. 

INTEREST: Interest is used to imply that vital quality of 
a design which may attract and _ stimulate attention. 
Through emphasis on certain elements in the design and 
subtle variations in others, an interesting rhythmic pat- 
tern can be established which the eye will unconsciously 
follow as it scans the form. A logical center of interest 
such as the instrument or control panel on a complex 
machine should be emphasized in contrast to other less 
important elements in the form. This center of interest 
will help hold the design together by continually drawing 
attention back to the point of emphasis as each element of 
the design is examined. Note how, in the camera of Fig. 
7, attention is focused on the most important element, the 
objective lens. 

BALANCE: Balance along with unity and interest must 
also be considered in the study of form. In general there 
are two types of balance, classical or symmetrical balance, 
and the more dynamic asymmetrical balance, the latter be- 


Fig. 7—Below—In this Ansco reflex camera designed by 
Henry Dreyfuss, attention is focused on the most important 
element, the objective lens. Texture, used functionally to 
insure good grip, also provides interesting contrasts be- 
tween pebbled, knurled and polished surfaces 
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Fig. 8—Leroy lettering scriber redesigned by Francesco 
Collura for the Keuffel & Esser Co. presents a dynamic 
assymetric balance. More comfortable finger grip, lighter 
construction and improved appearance are features of 

redesign as compared to former model shown at top — 


ing illustrated by the lettering scriber of Fig. 8. Apparent™' 
stability as well as visual balance are both important factors 
in the desigy of all forms. An electric fan, or a kitchen 
mixer may have sufficient stability with a weighted base 
from the standpoint of mechanics and yet not be visually ac- 
ceptable because it looks as though it might tip over. This 
is the more obvious aspect of balance or stability. The 
other equally important aspect is that of visually balanc- 
ing different masses in the basic form. Various elements 
of a form may be balanced about an axis of symmetry in 
certain cases like the airplane or may be balanced asym- 
metrically as in the case of milling machines or turret 
1athes. In nearly every case the type or balance, sym- 
metric or asymmetric is determined by the function alone. 

SuRFACE TREATMENT: In addition to the qualities of 
basic form which have been discussed so far, there are 
other very important aspects which have a definite bear- 
ing on the aesthetic appeal of a finished machine. These 
relate principally to the surface treatment and must be 
carefully co-ordinated to further enhance the refined form. 
First in importance is color. Color is probably the sim- 
plest and most effective aid which can be used super- 
ficially to help unify a complex form. A single color 
applied to the entire surface of a form has a very power- 
ful affect on the unity of the design. 

There are many aspects of color which should be con- 
sidered in machine design. The average consumer has 
strong psychological associations with certain colors which 
must be recognized. For example, the association be- 
tween the color red and danger has come down through 
the ages perhaps from primitive man’s first sight of his 
own blood or perhaps from the embers of a burning fire 
and must be used carefullly in design. Small quantities 
of red can be used very successfully in attracting atten- 
tion to important control knobs or name plates and in 
adding interest to the form. The color white has been 
associated with sanitation so long that its use on refrige- 
rators, kitchen stoves and food processing equipment is 
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now almost essential. These stronger associations must be 
considered and respected in the use of any specific color. 
On automobiles and relatively costly products, more con- 
servative tones and shades are used with a rather wide 
choice to suit the individual tastes of many consumers. 
Machine tools and office equipment are usually finished 
in tones of gray and conservative dark colors to be as un- 





Fig. 9—Ribbed texture of Schick shaver designed by Ray- 

mond Loewy Associates provides secure and comfortable 

grip as well as an interesting motif in its symmetrically 
balanced design 


obtrusive as possible. Color should be used functionally. 
It may be used to enhance the beauty of a product, to 
attract attention, and to increase safety and efficiency. 
Texture may be used very effectively to provide interest- 
ing contrast between various surface areas. Reference is 
here made to texture as a surface or tactual quality such 
- as roughness, smoothness, softness, hardness, coolness and 
warmth. Surface texture may achieve pleasing contrasts 
as between the roughness of a wrinkle finish and the 
smoothness of a polished surface. Texture may also be a 
functional asset in a design, as in the electric shaver of 
Fig. 9. The typewriter is an excellent example of how a 
wrinkle finish may be used to reduce the fatiguing glare 
of reflected light and the hand stapler still another where 
it is used to provide additional traction on a hand grip. 
Quality of finish is of great importance in judging the 
appearance of many products. Much of the aesthetic ap- 
peal in scientific instruments, guns, and small tools lies in 
the craftsmanship and perfection of finish the object is 
given. Flawless finishes and matching parting lines are 
expensive and usually impractical in low-cost, mass- 
produced products. There are, however, many devices 
used to cut down this expense, including the applica- 
tion of wrinkle finish on relatively rough surfaces, the 
use of offset parting lines and the addition of chrome- 
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plated beading to cover up unattractive seams in sheet 
metal products. 

Summarizing the discussion of appearance design, it 
has been shown that the’ first step should always be the 
development of a basic form, which is finally conceived 
after a thorough consideration of functional requirements, 
costs and marketing problems. This basic form is then 
refined and further enhanced through various subtleties 
and surface treatment. The obvious advantages of con- 
sidering appearance along with function, the choice of 
materials, and fabrication methods in the very first design 
sketches are still too seldom recognized. To accomplish 
this in practice we must either have a design engineer 
who is also extremely capable in appearance design, an 
industrial designer well versed in engineering, or we must 
call in the industrial design consultant. There are many in- 
stances where the industrial design consultant is retained 
by the manufacturing organization and can, therefore, 
be of maximum value as new machines are developed. 
With a broad background of experience gained through 
working with many different organizations, the consultant 
often is also able to contribute ideas which are often 
overlooked by those connected only with the one program. 

There is little doubt that slightly increased development 
costs can be more than offset by an increased volume of 
sales resulting from a more attractive machine on the 
market and in many cases this improved design will actual- 
ly cost less to produce. The alert designer often can effect 
savings by suggesting a substitution in material or tech- 
nique in manufacture. Certainly the aim of every designer 
should be toward the simplest possible solution of each 
new problem with the objective of helping to provide 
the consumer with a more useful, a safer and a more at- 
tractive machine at a lower cost. In attaining these ob- 
jectives the designer will also be helping to increase the 
manufacturer’s profits by creating added sales acceptance 
of, and good will through each new design. 





Isotopes Detected by New Method 


NEW method for more effective tracing of radioac- 

tive isotopes in materials in which they have been 
intentionally introduced has been developed by L. Martin 
of the National Bureau of Standards with the co-opera- 
tion of P. H. Abelson of the Department of Terrestrial 
Magnetism, Carnegie Institute of Washington. In this pro- 
cedure, by means of a magnetic focusing arrangement, the 
radiation given off by a radio-isotope within a sample ma- 
terial is made to form an image of the emitting surface 
upon a photographic plate. The image may then be used 
in studying the distribution and concentration of the radio- 
active element present in the sample. 

Used in friction studies and other fields of research, and 
known as “tracer micrography”, the process is based on 
the emission of high-speed electrons (beta rays) by many 
tracer elements and the use of magnetic lens elements for 
forming an image on a suitable recording surface. For 
calibration of the instrument employed, the photographic 
film is replaced by a Geiger counter, and the lens current 
necessary to produce a maximum number of counts in 
unit time is determined for radiations of varying velocities. 
This establishes the focusing current for a given type of 
radiation. 
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A POWERED clutch, below, designed to 


give operator ‘feel’ of engagement at the 
controls and to preclude a jerky or too fast engage- 
ment, utilizes a circular tube or “doughnut” for ac- 
tuation. This tube is made of rubber and is con- 
tined between two plates, one of which is movable. 
When air is admitted under pressure, the tube ex- 
oands and clamps the friction disk between the 
floating plate and the back plate of the clutch. By 
neans of metering valves, the pressure can be 
varied at will of the operator, and the load can 
be picked up as slowly or as quickly as the op- 
erator desires yet, due to the volume of air required, 
t is impossible for the operator to admit air fast 
2nough to cause the machine to jerk. Levers, pins, 
collars and other working parts usually employed 
are obviated. In this clutch, 
designed by the Osgood Co., 
the only part that receives con- 
siderable wear is the friction 
disk which is easily replaced 
as a single unit. The rubber 
tube also is readily replaced. 


Injection feed for rubber, 
illustrated both in sectional 
view and in use on a rubber 
injection molding machine on 
the next page, utilizes a motor- 
driven screw and baffle gears. 
These gears serve to prevent 
the stock from turning with the 
screw and to provide a pres- 
sure lock, preventing the rub- 
ber from leaking back past the 
baffle after it has been forced 
inio the injection chamber. De- 
signed by Hydraulic Press Mfg. 
Co. in co-operation with Chrys- 
ler engineers, this mechanism 
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receives material in rod, strip or pellet form near 
the top of the feed screw where it is taken into 
the convolutions of the worm by a masticating ac- 
tion, heating the material by friction and further 
working it. The material thus being worked is split 
into two halves by the baffle gears, involving more 
turbulence and more heating. Once past the baffle, 
the two halves unite and fill the space between 
the threads of the worm. Heat is put into the ma- 
terial during the rest of its travel in the mechanism. 

When the end of the feed screw is reached, the 
material is filmed over the conical end of the worm, 
which floats against a spring at its other end, and 
is forced through the nozzle into the mold. When 
the mold is filled and the injection unit backed off 
the pressure is locked in the chamber between the 
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baffle gears and the end of the worm by 
the spring seating the worm againsi the 
nozzle. 

Baffle gears are hardened die metal 
and are free running in precision sleeve 
bearings. These bearings provide a sup- 
port to the gears against the thrust of the 
feed screw and give the alignment neces- 
sary to keep the gears from binding. The 
gears are of special left-hand helix desigr 
to provide maximum filling of the space 
between the feed-screw teeth which are 
in the shape of Acme threads at the point 
of meshing with the gears. When a gear 
is in full mesh there is 0.0035-in. clear- 
ance between its outside edge and the 


root diameter of the feed screw. The 
feed-screw cylinder and feed screw, ex- 
cept on the outer diameter where it con- 
tacts the cylinder, are hard chrome 
plated. Rubber seals protect the bear- 
ings from any stock which may get into 
the baffle-gear cavity. Temperature of 
this section is controlled by cooling water. 


Protective zinc coatings, applied 
by brushing, dipping or spraying, are 
relatively unaffected after 1000-hour ex- 
posure in standard salt-fog corrosion 
equipment as shown in the illustration 


at top of next page. Right-hand group 
of test panels shows coating before test, 
left-hand group of panels shown is after 
test. Known as Zincilate, the coat- 
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ing was developed by the Commonwealth Engineering 
Co. for Industrial Metal Protectives Inc. and has been 
used successfully on machine parts, tanks and marine 
equipment. Applied in one coat and dried by infrared, 
baking, or induction heating, it possesses high abrasion 
resistance. As with other zinc coatings, when areas are 
destroyed, cathodic sacrifice of adjacent film protecis the 
parent material. 


Flexible pivots of spring steel are utilized for the 
transmission of impulse signals in lever systems for bel- 
lows, diaphragms and bourdon tubes in Askania Regu- 
lator Co. instruments. Shown at right is a flexible pivot 
as well as a drawing of a conventional bearing which 
the new design replaces. The new style pivoi is rigid 
in itself and can be mounted in any position. Because 
the total motion of the lever is small—only a few de- 
grees—the spring characteristic is linear and for most 
applications is negligible. The design avoids troubles to 
which corrosion, dirt or poor lubrication expose ball bear- 
ings, pivots or shatts. 


Hot-cold pipe, shown a 
right, converts ordinary com- 
pressed air into both hot and cold 
air without the aid of moving 
parts. It is thought that the phe 
nomenon may be caused by fric- 
tional effect between gases mov- 
ing at different velocities. Com- 
pressed air is pumped into a noz- 
zle at one end of the l-inch diam- 
eter pipe where the air strikes the 
inner wall tangentially to the 
diameter and is converted into a 
whirlpool. Cold air is drawn off 
through a !4-hole hole in one end 
while the hot air is tapped from 
the periphery. Built by Wesiing- 
house, the tube gives a tem- 
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perature differential of only several de- 
grees because of the relatively large diameter 
necessary for study with instruments. The 
original 0.3-inch diameter tube, invented by a 
German, produced jets at 10 and 154 F. 
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Fig. 1—Left—Two common 

types of armatures, for ac- 

tuating latch releases, are the 

plunger type a and the clap- 
per type b 
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PEED of response of any latched mechanism, for 
example a circuit breaker, depends on the method of 
latch release as well as on the design of the latch. 

The latter is well known and has been classified into sev- 
eral main types*, the most important being (1) dead- 
center, (2) over-center toggle, (3) over-center surface, 
and (4) magnetic. Their characteristics, methods of ana- 
lysis and of design are well known and need not be fur- 
ther discussed. 


* “Characteristics of Release Latches’”—Carl Thumim, Machine Design, 
Jan. 1940, p. 58. 


Methods of releasiyg latches, of rapidly releasing them 
and of stabilizing them to withstand shock, on the other 
hand, are of interest at present. Considerable work has 
been done in recent years in working out methods of latch 
design to withstand enormous shock due to gun-fire and 
near misses. 

LarcH TrippiInc Mernovs: To obtain high-speed 
cperation, latches are usually set in motion by electrical 
means, although other actuating schemes are not alto- 
gether ruled out. The simplest apparatus is a solenoid 


- provided with a movable armature. When the coil is 
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Fig. 2—Left—Speed of latch 











O) actuation is improved by em- 
ploying the flux shifting type 








(a) 





(b) b rather than the simple elec- 
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tromagnetic type a 
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Fig. 3—Right—High-speed cir- 

cuit breaker which utilizes the 

flux shifting type electromag- 
netic latch release 
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energized, the armature moves and releases the latch. ples outlined in the following: 
Two types of armature are common, one being a plunger, 
Fig. la, and the other a clapper type, Fig. 1b. By reg- 1. Sufficient accelerating force must be supplied to the 
ulating the distance of the ature from the pole piece latch by the trip coil armature to effect action under 
: ; : soe the most adverse conditions of load, friction and 
or by changing the tension on a spring, the value of the : 
3 : 5 voltage. This force varies with the ampere turns of 
pickup current can be set. Where high speed is re- 


the coil. 

. The force available for each unit of armature face 
area varies as the square of the lines of force, up to 
the saturation point. Thus, below saturation; if the 


quired, an external device such as a relay determines 
when tripping shall occur and it then impresses full volt- 
age on the tripping coil and causes the most rapid action. 


to 





The speed ot response depends on the constants of the coil area of the armature is reduced to one half, with the 
circuit and must be determined according to the princi- same total number of lines of force, the force exerted by 
Weight of 
- | armoture with- 
Weight of armoture ap fimo es out mounti 


without mounting 
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Fig. 4—Right—Use of inter- 

feaved pole surfaces, a, 

makes possible considerable 

weight reduction over a con- 

ventional magnetic latch, b, 

or greater speed for the 
same weight 
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Fig. 5—Left—Releasing force 

of the latch in Fig. 4a can be 

doubled by using two arma- 
tures in series as shown 


Fig. 6 — Below — A threaded 
plug in the iron circuit of a 
magnetic latch allows adjust- 
ment of the iron area to vary 
the holding force as desired 








the reduced area will be twice that of the larger area. 

Therefore, the smaller armature will move more rapidly 

and will provide more force at the trip latch. 

The rapidity of the build up of the force-causing mag- 

netic flux depends on the buildup of the current which, 

in ‘transient circuits, depends on the resistance. To 
obtain shorter time, the resistance must be increased. 

This often results in impressing a higher voltage on 

the coil to obtain the required amperage against an 

increased resistance in the shortest time. 

4. The rapidity of the buildup of the current varies in- 
versely as the inductance of the coil. Faster action may 
be obtained by increasing the current and decreasing 
the number of turns, keeping the required number of 
ampere turns constant. Naturally, the maximum speed 
is obtained when there is only one turn in the coil. 

5. Circuits with the least losses are apt to give the fastest 
results. For example, the use of laminations instead of 
solid bars in the magnetic structure, the use of high- 
silicon steel, etc., permit faster buildup of the current. 


oo 


Materials for the magnetic circuits are generally low- 
carbon steel. For faster results, annealing in hydrogen is 
of advantage. Lamination of the structure and use of 
special alloys are advantageous where ultimate speeds are 

_hecessary. Under corrosive conditions, it may be of ad- 
vantage to use stainless steels, even at a small loss in ef- 
ficicucy but with the assurance that such efficiency will 
be maintained. The stainless steels to be used are Type 302 
for nonmagnetic parts such as the coil spool, Type 410 for 
the stationary magnetic structure and Type 416 for the 
armature, all hydrogen annealed. 


Magnetic Latching Improves Speed 


Tue Macnetic Latcu: While the trip coil method, 
using a moving armature, releases any of the mechanical 
latches quite rapidly, the greatest speed is obtained from 
the magnetic type of latch where the buildup of the trip- 
ping circuit acts immediately without having to be trans- 
ferred to a mechanical device. The simplest form, Fig. 
2a, consists of a horseshoe electromagnet exercising a pull 
on an armature on which the tripping load is exerted. To 
release, the coil circuit is opened and when the flux is 
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reduced to a sufficiently low value, the load forces the 
armature to move. The speed of this release depends on 
the same circuit factors as that of the simple trip coil. In 
addition, the value of the holding circuit may be reduced 
to a point where it is just sufficient to resist the load 
forces. Of course, where shock or vibration are factors, 
the margin cannot be too small. At best, the time obtained 
in this latch is only a little better than that of a good 
mechanical design. 

To improve speed characteristics, the Mux shifting type 
of latch, Fig. 2b, has been designed. The holding force 
may be either a permanent magnet, as shown, or an 
electromagnet, since tripping is obtained by a means 
which is not part of the holding circuit. In parallel with 
the main gap bridged by the armature, there is a sec- 
ordary gap surrounded by a trip or bucking coil. Energiz- 
ation of this coil in the proper direction reduces the re- 
luctance of the secondary gap to a point where the main 
flux is shifted away from the load-resisting armature to 
tiie core of the trip coil and the armature is released. 
Action is accelerated by the fact that the direction of 
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the flux in the trip coil magnetic path bucks the flux in 
the armature. 

Application of this type of latch to a high-speed circuit 
breaker is shown in Fig. 3. To obtain rapid buildup of 
flux in the tripping circuit, a bucking bar. which is the 
equivalent of a one-turn coil, is used. 

Operating speed of the magnetic latch may be further 
increased by the use of an interleaving magnet face as 
illustrated in Fig. 4a. Using the same area and flux den- 
sity as the conventional latch, Fig. 4b, the width of the 


gap is held constant while its length is increased many 


times. Since the flux can pass from one pole to the 
other on a much wider front, the height of the armature 
can be reduced for the same cross-sectional area available 
to the flux. Therefore, the weight of the armature can be 
materially reduced. In the example shown, the armature 
in Fig. 4a weighs only 30 per cent of that in Fig. 4b. 
Where still greater speeds are required, the construction 


Fig. 7—Below—By designing the latch trigger to have its 
center of gravity at the pivot point linear shock effects 
normally encountered are obviated 





Trip coil release 


Trigger 
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shown in Fig. 5 is of advantage. Assuming the same area 
and flux density as used in the Fig. 4a design, it is possible 
to double the releasing force by using two armatures in 
series. Since the inertia of the armature is usually only 
a small part of the mass of the latched device which is 
to be accelerated, doubling of the accelerating force re- 
sults in greater acceleration for the entire device. This 
design, as will be explained later, possesses greater shock 
1esistance and therefore permits a lower margin between 
the holding and releasing forces. 


Magnetic Latch Requires Precision 


The great advantage of the magnetic latch lies in its 
high-speed possibilities. To take full advantage of this 
and at the same time acquire consistent operation, it is 
necessary that the surfaces of the magnet and of the arma- 
ture be in good contact at all times. Accurate machining 
and rigid construction of frames and bearings are requi- 
sites. The surfaces should be vertical to avoid accumula- 
tion of dust and dirt and enclosures should be used. The 
design of the mechanism must be such that the surfaces 
are apart only during the instant of release to improve 
further the chances of excluding foreign matter from the 
working surfaces. 

Where the load to be released remains constant, as 
in the case of a spring, it is~ possible ‘to calibrate the 
magnetic circuit so as to provide the most rapid opera- 
tion by reducing the holding margin, or to provide opera- 
tion at a given value of current in the trip coil. Several 
methods can be used, one of the simplest being shown 
in Fig. 6. A tapped hole in one side of the iron circuit 
removes an amount of material which very nearly cuts 
the circuit in two. A threaded iron plug can be screwed 
into this hole to provide any desirable area of iron in the 
circuit and thus to vary the holding force at the armature. 

OrHER RELEASE METHOps: Latches may be released by 
cther than clectric devices, the most common being hy- 
draulic and pneumatic pistons or bellows. The hydraulic 
method is more rapid as the speed in a closed system de- 
pends on the compressibility and travel rate of waves in 
the liquid. In the pneumatic system the determining fac- 
tor is velocity of the gas in passages, tubes, turns, 








Fig. 8—Right—Rotation- 
al accelerating forces 
tending to trip a latch 
are offset by means of 
rotational balancing D 
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valves, etc., and since the velocity, at its best, rarely goes 
much over the speed of sound, it is small compared, with 
that of the electric current. 

VIBRATION AND SHOCK-Proor Latcues: Just as the 
method of release is important so far as reliability and 
speed are concerned, it is just as necessary that a latch 
does not release at the improper time and under the 
wrong conditions. Since latch systems are usually com- 
posed of elements in which friction plays a considerable 
role, resonant displacement, in which the latch moves 
sufficiently to release, can be avoided easily by frictional 
damping. It can also be accomplished by a change in the 
natural frequency of the parts employed in the latching 
system. 


Frictional Damping Aids Vibration Proofing 


It is only necessary to have a design which offers a 
substantial amount of trigger motion without danger of 
release and such a design is found in the dead-center sur- 
face type illustrated in Fig. 1. The use of springs of a 
nonresonant gradient and the application of these springs 
in a way to cause frictional damping aids materially in 
making the latch vibration proof. 


SHock Proorinc: To obtain a satisfactory solution of 
a shock problem, it.is necessary first to determine the 
source or nature of the shock to which the latch is sub- 
jected. By shock, is meant a large and suddenly applied 
force acting for a short time on the body or frame provid- 
ing the mounting for the latch and transmitting all or part 
of this force to the latch in the form of acceleration. By 
the process of isolation, the shock is transmitted at the 
pivot point of the trigger and at the trigger stop. It is 
obvious that the release parts are similarly exposed to 
shock forces and may be shockproofed by the same pro- 
cedure. Before applying any method for eliminating the 
effects of shock, the apparatus should be so mounted, if 
possible, as to reduce the magnitude of the shock forces. 

BALANCING METHOD: The mechanism of shock trans- 
mission through the pivot point consists of the sudden 


Fig. 9—Below—Shock forces transmitted by way of the 
latch stop can be lessened to a great degree with a soft- 
stop which is inexpensive and effective 
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acceleration of this point and the tendency of the trigger 
to remain stationary in space. Where the acceleration is 
linear and the center of gravity of the trigger is at the 
pivot point, the trigger will move with the mounting and 
will not permit the latch to trip. Such a balanced con- 
struction is shown in Fig. 7. 

It is more common to encounter rotational accelerating 
ferces due to the methods of mounting or to offset forces 
producing moments. Under such circumstances static 
balancing of the trigger is insufficient and more intricate 
rotational balancing must be resorted to as illustrated in 


Fig. 8a. Assuming that the shock causes the frame to ° 


rotate counterclockwise around center O, bearing points 
B and Al of the latch and A2 of the counterbalance tend 
to move in the same direction around O. The inertia of 
parts L1 and L2 tend to keep them stationary in space 
and therefore to give them a clockwise rotation relative to 
D. If this were permitted, D would be unlatched. How- 
ever, between L1 and L2, there is a connecting link C 














Q 











Fig. 10—Where even slight motion of a trigger will cause 
unlatching, an energy absorber C can be used in lieu of 
a soft-stop as shown in Fig. 9 


. 


so placed that the rotation of these parts must be in op- 
posite directions. If link C is kept very light and the 
moments of inertia of L1 and L2 are nearly identical, it 
is obvious that the relative position of L1, L2 and D can- 
not change if their pivot points are given the same angular 
acceleration. Therefore, this construction is proof against 
a rotational type of shock. Since translational motion is 
a special case, this design is likewise proof against linear 
shock. In Fig. 8b is shown a similar device in which the 
link is replaced by a pair of gears. The magnetic latch 
illustrated in Fig. 5 indicates how. this method can be 
applied to releasing parts. 
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Fig. 11—When occasion demands, an interference trigger 
can be used to block inadvertent motion of the latch 


While shceck balancing may be used to eliminate effects 
of suddenly applied forces through the pivot point, the 
forces transmitted by way of the latch stop cannot be so 
t:eated. Two of the more common methods are soft-stop 
suspension and energy absorption. The former is illus- 
trated in Fig. 9 and consists of alternate layers of soft 
fibrous washers and metal washers. By regulating the 
number and the gradient of the layers, any required soft- 
hess is obtainable. The method is simple, effective and 
inexpensive and is particularly applicable to a latch de- 
sign in which slight motion of the trigger does not unlock 
the mechanism. 


Energy Absorber Obviates All Motion 


Where even a slight motion is objectionable, the energy 
absorption or so called “billiard ball” scheme, Fig. 10, 
is highly effective. The rebound weight C bears on trigger 
B directly above the stop A. Any force applied by A to 
B is immediately transmitted to C which absorbs the 
energy in a sudden motion, leaving B unmoved. By the 
proper proportioning of masses it is possible to eliminate 
even microscopic motion on the part of B. 

To overcome the effect of shock transmitted both 
through the pivot and by the stop, it is necessary to use 


ene of the balancing methods of Figs. 7 or 8 together’ 


with one of the stop shock eliminators which are detailed 
in Figs. 9 and 10. 

It should be mentioned at this point that the commonly 
attempted method of combating shock transmitted through 
the stop by increasing the tension on the latch return spring 
is generally ineffective. Shock forces are high and would 
require a spring so heavy that ordinary release means 
would be inadequate to actuate the latch. If such were 
made available, latch triggers would require stronger and 
heavier sections which in turn would necessitate more 
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spring hold-down, rendering such design extremely unde- 
sirable. . 


INTERFERENCE METHOD: Instead of reducing, counter- 
balancing or absorbing shock forces an oft-used scheme 
consists of supplying a means for blocking the motion of 
the trigger due to any reason other than the release force 
provided. In a typical scheme, Fig. 11, latch L is provided 
with an extension A which normally lines up with the 
hook of interference lever B. When tripped by release R, 
there is nothing to hinder the tripping of the latch. Lever 
B is usually proportioned and mounted so that it is lighter 
and has a higher natural frequency than that of L. Force 
exerted through stop S causes the hook of B to rotate more 
rapidly than extension A of L so that the hook blocks 
the motion of extension A. Likewise, in vibration, the out- 
of-phase relative motion is such as to cause interference, 
again blocking motion of A. 


Interference Method Has Speed Advantage 


Advantage of this type of shock design is that in 
normal operation, the mass moved by the release is little 
more than that of the trigger alone and results in greater 
speed. The disadvantage lies in the fact that operation 
is not positive, although the parts can be proportioned to 
give reliable results under circumstances usually en- 
countered in normal service. 


Summary: The order in which latch releases improve 
in respect to speed is as follows: 


Pneumatic 

Hydraulic 

Solenoid 

Simple holding coil magnetic 

Flux shifting magnetic 

Flux shifting magnetic with elongated gap 

Flux shifting magnetic with elongated gap ‘and with 
several breaks in series. 


NQWAR wwe 


The methods for increasing the vibration resistance of 
latches are: 


Soft suspension 
Change of frequency 
Damping 
Interference devices, 


a is 


Methods for improving the shock resistance of latches 
are: 


Suspension 

Static balance for linear shock 

Angular balance. for linear and rotational shock 
Energy absorption 

. Interference 


UR © to 


Design of latching mechanisms for any particular ma- 
chine function shculd take into. consideration these vari- 
ous factors relating to the release end of the device. 
Although the particular references in this article pertain 
to circuit breakers primarily, the problems incident to 
speed, vibration and shock resistance are basically ident- 
ical and should be of value in obtaining the desired re- 
leasing characteristics in any type latching arrangement to 
be employed in the design of a machine mechanism. 
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By James L. Anast salah 
Chief, Automatic Flight Branch 
All-Weather Flying Division 
Air Materiel Command 
Wilmington, Ohio 
NTERING the cockpit of a large modern aircraft, 
one is amazed by the great number of instruments, 
dials aad levers with which a pilot is confronted. 
It may seem incredible that they are all necessary for its 
operation, but these meters and dials are the eyes and ] 
ears of the aircraft and are tuned to the hundreds of } 
Fig. 1—Control panel of “pushbutton” functions that require monitoring for the safe flight of 
C-54 plane with front panel lifted up to an air giant such as the Douglas C-54 that may weigh over 60,000 pounds. 
show some of the circuits There are no less than thirty-six instruments that indicate tempera- 
tures, manifold pressures, speeds, and fuel quantities, and fourteen levers 
to adjust the four 16-cylinder engines, which churn out a total of 5000 
horsepower, to their optimum 
performance. In_ addition 
there may be as many as 
twenty instruments that sense 
flight information such as at- 
titude and airspeed, not in- 
cluding from thirty to forty 
dials for the operation of the 
various navigation devices, 
such as the automatic radio 
Fig. 2—Detail view inside 
control panel showing multi- 
gang, multiposition rotary 
switch forming part of the 
master sequence selector i. 
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compass, liaison and VHF communication sets. 

Even a child can adequately handle an automobile after 
a few hours instruction, but imagine driving a car on a 
road in three dimensions—a road that really doesn’t exist 
—with other cars passing in all directions, not in con- 
trolled layers of traffic but free to wander in unmarked 
space. To guide this aircraft and keep it on the imaginary 
road, instead of a steering wheel, brake and accelerator, 
there are eight contrels for speed and a delicate balanced 
procedure to be followed with the control column and 
foot pedals that usually takes a more-than-average young 
man over a year to learn. 

To add to the problem, in bad weather the pilot has 
only his instruments to “sense” his speed, rate of climb, 
direction and position. His job is made doubly difficult 
when he cannot see. The operation of an aircrew in bad 
weather is an excellent example of human co-operation in 
combat with the elements. The pilot’s eye never leaves 
the flickering, needles on his instrument panel. His naviga- 


Fig. 3—Schematic. diagram of the air-speed control unit 

Pitot tube in nose of ship gives signal, proportional to 

actual air speed, which is amplified and combined with 
preselected air speed to operate carburetor valves 


tor, bent over his charts and tuned to several radio-receiv- 
ers, is occupied in plotting and checking the course. The 
crew chief is on his knees before the complicated engine 
control console. Even the radio operator helps by keep- 
ing in constant touch with the ground to relay important 
weather information. 

All this activity is required to keep the aircraft straight 
and level and on the road. The most difficult task is yet 
to come—to bring this great bird, which is hurtling along 
at more than 200 miles an hour, down to solid earth. 
Making a landing in bad weather taxes the best aircrew’s 
know-how and co-ordination. When commencing the ap- 
proach, the pilot directs the crew in its detailed procedure 
of extending the flaps and landing gear, communicating 
with the tower control, adjusting the engines and turning 
the aircraft from its course to bring it down through fog 
or snow onto the landing field. 

After finding the landing beam, which to the pilot is a 
small dial with crossed needles, the pilot begins his ma- 
neuvering to keep those needles centered. One slip at 
this stage of the flight can easily spell violent searing 
death, as has been proved by the increased number of 
air accidents during bad weather conditions. One old 
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timer in the flying game has compared the blind landing 
system with trying to drive a car by looking through a 
hole in the floorboards at the middle stripe in the road. 
This is an understatement, since the pilot must follow two 
such white lines, one for direction and the other for alti- 
tude, in addition to maneuvering eight speed controls, 
watching his rate of descent, attitude, and other details 
that require his unflagging attention. 

There are so many instruments to follow that the pilot’s 
eye scans them in a constant circle, resting momentarily 
on each one and passing on to the others, digesting and 
making mental note of the information and guiding his 
ship accordingly, until he lands with a jar on a runway 
that may be only 150 feet wide. 


Controls Aircraft from Takeoff to Touchdown 


Recognizing the great need for reduction of the diffi- 
culties of the pilot’s tasks, the Army began experimenta- 
tion at the All-Weather Flying Division of the Air Ma- 
teriel Command, on the Automatic Flight Controller. Now 
being developed at Clinton County Army Air Field to 
control a large aircraft through its entire mission without 
human hand on the controls in the air or on the ground, 
the Automatic Flight Controller is not a remote radio con- 
troller, but consists of an electronic “brain” that stores in- 
formation given to it before the flight begins, “reads” the 
flight instruments, listens to the radio signals, measures 
distances and air speed and carries out for the pilot and 
his crew all the functions necessary to conduct a point-to- 
point flight from one airfield to another. Its memory cir- 
cuits hold the information given to it, so that in reading 
the flight instruments it knows which way to head, how 
fast to go, when to retract the gears, which stations to 
tune in to and follow and, finally, on which landing beam 
to “home”. In Fig. 1 is shown the control panel of the 
Automatic Flight Controller, which recently directed a 
2000-mile automatic flight from Long Beach, California 
to Clinton County Army Air Field, Ohio. This flight was 
made with no human manipulation of the aircraft con- 
trols, from takeoff to touchdown. The safety pilot, who 
has been working with the Controller for over a year, dem- 
onstrated his confidence in the still experimental appa- 
ratus by sleeping in a bunk provided, 5 hours out of the 
8-hour flight. Virtually the only work that was going on 


“during the flight was by the engineers who developed the 


Controller. They were busy collecting data on the per- 
formance of the robot. 
Certain minor operations were performed manually by 


the crew chief, such as operation of the cowl flaps, gas 
mixture controls and switching of gas tanks. These func- 
tions, not being critical in proving whether automatic 
flight control is possible, have been given a lower priority 
by the engineers who tackled first the larger problems of 
automatic landing, navigation and designing the “brain” 
of the Controller. 

From preliminary consideration of the data collected 
during early flight tests, the Controller’s performance step 
by step seems better than when a human pilot is in the 
seat. The automatic engine controls do a much smoother 
job of adjusting the manifold pressure and synchronizing 
the propellers, and early results show that power consump- 
tion is lower. The air-speed control consistently holds the 
velocity to closer limits, and the automatic beam approach 
control “hunts”, finds and maintains the aircraft on the 
beam in a manner superior to most pilots. 

It is not surprising that, once the automatic flight field 
was investigated, a great measure of initial success was 
had, since an unlimited number of functions can be per- 
formed simultaneously by an automatic electronic system. 
The great number of controls that a human pilot must 
exercise are relatively simple taken one at a time, and 
the small safety margin that exists when flying in bad 
weather is due to the inability of a human pilot to per- 
form efficiently all of the functions required to control his 
aircraft. The Automatic Flight Controller can add func- 
tions in parallel by the addition of more circuits, yet each 
function is still performed as efficiently as if-it were the 
only control. Further, the “reading” of flight conditions, 
directions, etc., is done much more accurately by gyro- 
scopes and electronic measuring circuits. 

The design problem resolved itself primarily into inves- 
tigation of the adaptability of equipment such as the au- 
tomatic pilot and automatic radio compass to automatic 
flight control, and the development of electronic systems 
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Fig. 4—Above—Diagram to illus- 
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trate the calculations which the 

ground position computer must 
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tional to error V 




















| Fig. 5—Left—Simplified circuit dia- 

gram of ground position computer. 

Output is proportional to error V 
in Fig. 4 
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Fig. 6—Schematic diagram 

showing radio compass and 

flux-gate-compass servo sys- 

tem for ground position com- 
puter, Fig. 5 
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to reproduce the action taken by a human pilot in receiv- 
ing flight information and applying it to the control that 
he maintains. 

In general, the theory of operation of the Controller 
involves the utilization of information from flight instru- 
ments to furnish operation data to the control surfaces, 
engine controls, and auxiliary control units. During the 
flight, the data given to the Automatic Flight Controller 
prior to takeoff are combined with information from the 
flight instruments, and translated to electrical voltages 
and mechanical forces by units that cause the aircraft to 
take off and climb, retract the landing gears and flaps, and 
perform the necessary guiding functions in the ccrrect 
sequence to produce completely automatic flight. 

Basic equipment of the Controller is its Sperry E-4 au- 
tomatic pilot. This automatic pilot consists essentially of 
gyroscopic units and amplifying or servo devices which 
transform low-power signals derived from the gyroscopes 
to levels which can operate motors moving the aircraft’s 
control surfaces. The primary function of an automatic 
pilot is to maintain straight and level flight, but in the 
Controller, extraneous signals are introduced in the atti- 
tude circuits of the automatic pilot as dictated by the 
“memory” circuits and the flight instruments. For ex- 
ample, the electromagnetic energy from radio stations such 
as WI.W is used during certain sequences of the flight to 
guide the aircraft automatically to the stations. 


Aircraft Follows Preselected Flight Program 


Schedule of the flight is determined by the Master 
Sequence Selector, Fig. 2, which is a portion of the “brain” 
of the Controller. This selector is essentially a group of 
electrical switches that operate simultaneously when their 
energizing circuit is actuated, and that can complete a 
number of electrical circuits and hold them closed until 
another actuation is received. The desired position is se- 
lected during the flight at the correct time and place so 
that reference signals from the flight instruments are fed 
to the automatic pilot and auxiliary operating equipment 
according to a predetermined schedule. This schedule 
progresses automatically by the use of “sensing” instru- 
ments that actuate the Master Sequence Selector at the 
end of each phase of the flight. 

For example, in position No. 10 of the selector the air- 
craft “homes” on a certain localizer landing beam that 
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guides the aircraft in direction toward the landing field. 
The aircraft, at this stage of the flight, flies at a constant 
altitude above the ground, approaching another beam that 
will guide the aircraft in altitude toward the landing 
field. The signals from this second beam, the Glide Path, 
are fed to the energizing circuit of the Master Sequence 
Selector in position No. 10 so that, at the precise moment 
that the aircraft arrives in the center of the Glide Path, 
the selector is advanced to position No. 11, where different 
circuits are completed. One of these is the output of the 
Glide Path receiver which, through suitable coupling units, 
controls the elevators of the aircraft to keep it on the glide 
path. 

Automatic flight is divided into 12 operational phases: 


1. Pre-takeoff (manual alignment cf the aircraft with 

the runway) 

Takeoff 

. Initial climb (landing gear retracted automatic- 

ally when the aircraft reaches 50 ft altitude) 

. Climb to cruise altitude (flaps retracted auto- 

matically at 1000 ft altitude) 

5, 6, 7, 8. Navigation sequences (aircraft flies. a 
ground course based on directional information 
from ground radio stations) 

9. Descent to approach altitude over a preselected 
radio station 

10. Approach on localizer directional beam 

11. Final approach and descent on localizer direc- 
tional beam and glide path beam 

12. Landing and taxiing. 


©? 19 


a 


Since it is necessary to provide different power settings 
of the four engines to take off, climb, cruise, descend, 
and land, the manifold pressure and engine speed are 
preselected prior to the flight and, as the Master Sequence 
Selector advances to its successive positions during the 
flight, an automatic engine control system incorporated 
in the Controller adjusts the power and propeller speed 
according to the predetermined requirements. A system 
has been designed that will translate reference voltages 
to carburetor butterfly and propeller governor position. 
Thus by a simple selection of voltages by one circuit 
of the Master Sequence Selector, all four engines are 
controlled during the flight. Synchronization is automatic- 
ally accomplished by translating error information as de- 
termined by the tachometers into mechanical balancing 
forces on the governor springs to keep all four propellers 
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turning at the same revolutions per minute. s 

In position 11, the final approach sequence--of auto- 
matic flight, the air speed is maintained constant to insure 
the correct attitude at touch down. Errors in air speed 
from the desired value of 120 mph are measured auto- 
matically and the manifold pressures of the four engines 
are regulated accordingly. 

Air pressure on an open tube protruding from the front 
of an aircraft is a function of the actual speed of the 
aircraft through the air mass. This pressure is applied 
through a tube to a small flexible sealed bellows geared 
te a variable transformer, causing its rotor to shift angular 
position relative to the stator, Fig. 3. Input power at 115 
volts, 400 cycles is applied continuously to the stator of 
this transformer, which is so designed that at one angular 
position the voltage induced from stator to rotor is zero. 
If the bellows expands due to increased pressure, caused 
by a greater air speed than desired, the rotor shifts, and 
a small voltage in phase with the stator voltages is induced 
in the rotor. Similarly, if the air speed decreases the 
rotor will shift in the other direction, and a voltage out 
of phase with the stator will be induced. The voltage 
output of the rotor, then, is proportional in phase and 
magnitude to the air-speed error. 


How Air-Speed Error Signal Is Amplified. . 


This voltage is applied to an electronic amplifier that 
operates a two-phase induction motor. The direction of 
rotation of this motor depends on whether the air-speed 
error is plus or minus. It is coupled through an 8000-to-1 
gear train to the rotor of another variable transformer 
whose stator is excited by a 30-volt, 400-cycle voltage. 


This transformer—the air-speed output selsyn—produces . 


an output which is fed back to the input of the amplifier 
sv as to cancel out the original signal. When the motor 
turns the output selsyn to a position where its output is 
exactly equal to the output of the error selsyn, the output 
of the amplifier is zero and the motor stops. Thus, the 
air-speed output selsyn takes a position which increases 
in angular deviation from the null, proportional to the 
air-speed error. A high gear ratio is used in this system 
to average the small fluctuations in air pressure that are 
inherent in the air-speed measuring system. 

- Output of the air-speed output selsyn, which is propor- 


Fig. 7—Gear train coupling from radio compass and flux- 
gate servo system to the computer selsyns T-1, T-2 and T-3 
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tional to the “smoothed out” error in air speed, is also 
fed through contacts of the Master Sequence Selector 
when it is in position 11, to the transmitter actuator. 
The transmitter actuator is a similar servo system whose 
output motor is connected mechanically to a lever, located 
on the control pedestal of the cockpit, the angular posi- 
tion of which becomes proportional to the air-speed error. 
This lever controls manifold pressure and engine speed of 
all four engines and can be operated manually by the 
safety pilot in case of emergency. During automatic flight, 
however, it is controlled by the transmitter actuator. This 
unilever is connected through a gear train to the rotor of 
the transmitter selsyn, which induces in its three stator 
windings voltages which are transmitted to the stator wind- 
ings of receiver selsyns located in the engine nacelles. 


Overshooting Due to Transient Errors Prevented 


The windings create a magnetic field in the rotor at an 
anglé equal to the angle of the rotor of the transmitter 
selsyn. The following amplifier and motor, operating in 
a similar manner to the error amplifier, turn the receiver 
selsyn rotor until it takes the same angle as the trans- 
mitter selsyn rotor. Through a gear train the motor and 
selsyn rotor are mechanically coupled to the butterfly 
valve of the carburetor, thus the change in amount of 
fuel-air mixture fed to the engines is proportional to the 
error in air speed. Additional electronic circuits are incor- 
porated so that when transient errors in air speed appear, 
the manifold pressure is regulated to maintain the air 
speed without “overshoot” of the controls. 

Referring again to Fig. 3, there is shown diagrammatic- 
ally a portion of the Master Sequence Selector, indicating 
the electrical connection between the air-speed error-sens- 
ing system and the engine control in position 11. Re- 
ference voltages, preselected by a set of potentiometers, 
are applied to the transmitter actuator in the different 
positions of the Master Sequence Selector to maintain the 
desired power settings during the flight. 


Radio Bearings Keep Aircraft on Course 


During the navigation sequences of the automatic flight, 
the aircraft is directed on a preselected course based on 
the directional information from pairs of radio stations. 
The automatic navigation system utilizes information from 
two automatic radio receivers that give indications of 
station direction, and from the flux-gate magnetic compass 
which gives automatic indications of the aircraft heading 
with respect to true north. 

Referring to Fig. 4, C equals the ground distance be- 
tween the two radio stations used, A equals the angle of 
the radio station A from the aircraft, '‘B equals the angle 
of the radio station B from the aircraft, @ equals the offset 
angle of the. desired course, X equals the offset distance 
of the desired course as measured at radio station B, and 
V equals the error in ground position from the desired 
course. If an error voltage proportional to V is applied 
to the automatic pilot, the aircraft will fly the desired 
ground course. An electrical computer that receives di- 
rectional information from the two radio compass receivers 
and the magnetic compass performs the necessary mathe- 
matical operations to solve for error voltage. It can be 

(Concluded on Page 186) 
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N THE previous part of this article, August 1947, 

various types of equipment were considered for ob- 

tainng photographs by reflected light and shadow 
photographs. All of these are more or less limited to 
photographs of the external surfaces of opaque objects. 
The advantages of taking extremely short-exposure shots 
of elements housed within a machine are obvious. For 
example, the engineer interested in the design of turbines 
would gain valuable data from photographs of a turbine 
wheel during actual operation. Until the recent deve- 
lopment of the high-speed x-ray camera it was not possible 
to obtain photographs of such elements as turbine wheels 
due to the structures in which they were enclosed. 

Hicu SpeEp Raprocrapuy: During the period of the 
war, engineers and scientists of the Westinghouse Elec- 
tric Corporation developed a new type of x-ray unit which 
is capable of making radiographic pictures during an ex- 
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Fig. 16—High-speed radiograph, 
showing lead dust passing 
through a vacuum cleaner, made 
with a one-millionth second ex- 
posure 


By G. A. Hawkins 


Westinghouse Research Professor 
of Heat Transfer 


and 
C. E. Balleisen 


Associate Professor 
of Mechanical Engineering 
Purdue University 











Part !I-Radiography and Motion Pictures 


posure time of one-millionth of a second. One of these 
units was used extensively for ballistic research work dur- 
ing the war. 

For ordinary radiographs, exposure times range from 
several seconds to many minutes. The length of exposure 
for a given voltage is determined by the intensity of the 
x-ray beam, which in turn is dependent upon the magni- 
tude of the current. Normal exposures require a current 
of several milliamperes. In order to obtain exposure times 
of the order of a millionth of a second, currents amount- 
ing to thousands of amperes are required. Currents of this 
magnitude can not be obtained by use of the common 
heated-filament x-ray tube. 

The Westinghouse research workers recognized the cur- 
rent limitations of the conventional tube, and developed 
a three-element tube. The third electrode was located 
close to the cathode and was connected to the anode 
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Fig. 17—One-millionth second exposure radiograph of a golf club striking 
a ball made with a Westinghouse high-speed x-ray tube 


through a high resistance. The auxiliary electrode con- 
centrates a high-voltage field at the cathode and starts 
the discharge to the anode. After starting the discharge, 
the electrode tends to focus the electrons on the desired 
area of the anode. This arrangement of tube elements 
makes it possible to send extremely large surge currents 
through the unit. 

In order to establish these high current rates, a large 
power source is required for a very short interval of time. 
During the peak of operation the power consumption may 
be as high as 600,000 kilowatts. Duration of current flow 
is on the order of a few microseconds. The large tran- 
sient power requirements are obtained by use of surge 
generators. 

The main use for this equipment has been for ballistic 
studies. In the near future this unit should have wide 
application to the study of high-speed machine parts. 
Typical prints made from original radiographs are shown in 
Figs. 16 and 17. Fig. 16 shows an ultrahigh-speed photo- 
graph of a vacuum cleaner taken during operation. The 
lead dust particles are clearly defined as well as the me- 
chanical elements. To obtain a photograph of this type 
with the ordinary high-speed camera equipment is not 
possible. Fig. 17 shows a high-speed x-ray photograph 
teken at the instant the club strikes a golf ball. In this 
photograph the internal sections of the club and ball are 
shown, as well as the pronounced flattening of the ball. 
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In the near future the designer of high- 
speed machine parts may utilize this type 
of camera to great advantage. With this 
equipment it is now possible for the first 
time to photograph in high-speed opera- 
tion machine elements which are not 
visible or accessible for photographing by 
the usual high-speed cameras. 

Motion Picture PHorocrapHy: The 
problem of taking repeated pictures of a 
rapidly moving object has been studied 
since the beginning of the science of 


pictures of sufficiently short exposure 
and at sufficiently short time intervals 
so that details normally imperceptible to 
the human eye might be observed and 
analyzed. 

It is generally believed that the first 
pictures of this type were made of a 
running horse to settle a wager as to 
whether, at gallop, it had all four feet 
off the track at any instant. A series of 
cameras placed along the track were 
operated in succession. The resulting 
pictures, each on a separate plate when 
examined, revealed that all four legs 
were indeed in the air at certain in- 
stants. With the development of the mo- 
tion picture camera for entertainment, 
this new tool was used to obtain tech- 
nical and scientific data. The require- 
ments for scientific work have resulted 
in remarkable improvements and changes 
in the early type of equipment. 

In the usual motion picture camera 
the film is brought to a complete stop 
while the exposure is made. The normal camera speed 
is 16 frames or pictures per second. In some cases a limit- 
ing rate cf 128 frames per second has been obtained, this 
limit being due to the mechanical difficulties of stopping 
and starting the film and operating the shutter me- 
chanism. 


Mechanical Shutters Not Practical 


For the extreme speeds required in high-speed motion 
picture work, it is not possible to stop the film, hence the 
film is made to move at a very high speed through the 
unit. The individual exposures may be obtained by an 
ultrahigh-specd shutter, regulated intense flashes of light, 
or synchronized movement of the image with the film. 
The use of an ultrahigh-speed mechanical shutter has 
many obvious drawbacks and will not be considered fur- 
ther in this discussion. 

MULTIPLE-FLAsH Units: One of the important types of 
motion picture cameras for ultrahigh speeds is commonly 
called the “Edgerton” type. No shutter is used in this 
make of camera. The unit consists of a single variable- 
speed motor driving a take-up spool, a sprocket, and gov- 
ernor. The film moves continuously from the supply spool 
over the sprocket drum to the power-driven take-up spool. 
The individual exposures are obtained by flashes from 
a stroboscope, the length of exposure depending entirely 
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photography. The object was to take 
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Fig. 18—Right—Schematic arrange- 
ment of the Western Electric Fastax 
camera which employs a rotating 
prism to synchronize the image 


upon the length of the flash. The 
actual positioning of the individual 
photographs on the continuously 
moving strip of film is accom- LENS 
plished by means of a commutator 
mounted on the film sprocket shaft. —> (p= 
Although the film moves continu- 

ously, no blurring results because 
the travel of the film is extremely 
small during the time interval the 
flash of light exists. Due to this ex- 
tremely short time interval for the 
duration of the flash (1/100,000- 
sec) powerful stroboscopic lamps 
are required to obtain satis- 
factory exposures. Cameras of 


EIGHT SIDED ‘ 
ROTATING PRISM FILM 


SUPPLY 
SPOOL 







HOLD DOWN 
ROLLER 





SPROCKET WHEEL 


STRIPPER 





TAKE UP 


. . 
SPOOL 





this type may be obtained for tak- 
ing photographs at rates up to 





1500 frames per second. Usually 
a spark coil, energized from an ex- 
ternal circuit, is provided in the 


Fig. 19—Right—Schematic layout of 

the Bell Telephone Laboratories 

ribbon-frame camera for long, nar- 
row photographs 


* 0.25 INCH 
SLIT 


camera assembly to furnish time 
marks on the film. 
RotTaTinG-PrisM CAMERA: An- 
other type of high-speed motion 
. picture camera employs a rotating 
prism to move the image in exact 
synchronism with the film. In gen- 
eral, the camera consists of a motor- 
driven take-up spool, motor-driven 
sprocket, rotating prism, feed 
spool, and lens. A schematic ar- 
rangement of the camera is shown 
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in Fig. 18. As the film moves.over 
the sprocket drum, the image is 
moved along the film by means of the rotating prism. A 
typical camera of this type, known as the Western Electric 
“Fastax”, was developed and designed by the Bell Tele- 
phone Laboratories. Operation differs from the flash 
type in that a very high-intensity continuous light source 
is used to illuminate the object being photographed. 
Rotating-prism cameras are commercially available for 
variety of exposure rates up to approximately 8000 frames 
per second. , 

Timing intervals may be placed on the film by use of 
a small argon lamp which is focused on the edge of the 
film. The lamp, flashing on and off 120 times per second, 
places the time marks on the film. The film speed may 
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easily be found by counting the time intervals for any 
particular section of the film. 

A camera capable of taking photographs at a rate 
of 200,000 pictures per second has recently been devel- 
oped by C. D. Miller of the National Advisory Committee 
for Aeronautics. Of the optical compensator type, the 
camera requires a continuous illumination of the object 
rather than intermittent light flashes. This camera does 
not use a long strip of film, and is capable of producing 
only 204 images in succession. By means of this camera 
it will be possible to study in detail the phenomena of 
detonation in engine cylinders. Other applications are 
for the analysis’ of complicated motions of machine parts 
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moving at very high speeds. 

RiBBON-FRAME Camera: The ribbon-frame motion pic- 
ture cainera was developed by the Bell Telephone Labora- 
tories during the war to photograph rockets while they 
were being launched. By means of these cameras the 
ignition time, burning time, acceleration and velocity of 
rockets may be obtained. 

Since the distance traveled in the direction of flight 
of a rocket is very large and the displacement perpendi- 
cular to the flight direction is slight, it was desirable to 
develop a motion picture camera which would produce 
very narrow but long photographs. The term ribbon- 
frame camera is used since the pictures produced are long 
and narrow resembling a series of strips of ribbon. In 
general the camera consists of a power-driven film-mov- 
ing device, slit and light shield, special shutter, lens, and 
2 four-element rotating prism as shown in Fig. 19. 

Some of the ribbon cameras use a No. 122 film which 
is 3% inches wide and 35 inches long. The film is exposed 
as it passes over a slit which opens and closes at a speed 


such that 120 pictures may be taken per second. For this 
camera each exposure is %-inch high and 3%-inches wide. 
A total of approximately 200 pictures may be taken on 
one film. 

One of the unique features of this camera is the 
shutter mechanism. It consists of two concentric drums 
which are driven at slightly different speeds through a 
planetary gear train by a constant-speed motor. Wide 
slots running the length of the drum are cut in each of 
the drums. The inner drum has four slots and the outer 
drum five slots. Due to the differences in the speeds of 
the drums and the number of slots, the proper gap will 
appear 120 times per second. At the proper time light 
from the lens passes through the drums and slit to the 
film on the opposite side. The opening near the film is 
completely closed by the solid sections of the two drums 
at all other times. Due to the fact the film moves conti- 


Fig. 20—Below—Series of ribbon photographs showing a 
rocket piercing a steel plate taken with a Bell Telephone 
ribbon-frame high-speed camera 
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Fig. 21—Right—Schematic sketch of an ac- 

celerometer, deflections of whose beam will 

indicate accurately any accelerating forces 
transmitted to the weight attached 
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nuously, during an exposure the film would travel enough 
to blur the image. In order-to prevent this blurring action 
four optically flat prisms are mounted in the inner drum 
as shown in Fig. 19. As the drums rotate, the prisms 
move the image at the same rate as the film travels, thus 
the image produced is free of blurring. The drums, film 
spools, and other related apparatus are housed in a light- 
tight box. An indicator is provided on the outside of the 
camera to indicate the amount of film which is unexposed. 

A typical section of a film strip is shown in Fig. 20. 
This particular series of photographs clearly shows the 
movement of a rocket in flight. In the near future this 
type of camera will find use in the design and analysis 
of machine parts which move in approximately straight 
lines under variable velocity conditions. 

OTHER MetHOons UsiING PHOTOGRAPHING RECORDING 
or Data: If a machine is to operate as designed the vari- 
ous elements of the machine must operate as prescribed 
in the original design. To study and observe these mo- 
tions a number of methods have been devised, many of 
which have been described in the preceding paragraphs. 


Simplifies Study of Repetitive Cycles 


Usually the elements of a machine must perform a 
cycle repeatedly. In these machines it is often necessary 
to study the influence of wear and breakage. Since wear 
occurs to only an infinitesimal degree for each cycle, it 
is difficult to study it by investigating single cycles. Break- 
age and wear are usually the result of repeated applica- 
tions of stress and loading, and records may be taken on 
selected cycles to show the existing stresses. The moving 


parts are usually loaded by two types of forces—externally 
applied forces and acceleration forces induced by the 
mass of the piece itself. Acceleration and force are not 
items which can be directly measured, but must be de- 
duced from their effects. Force, acting on a machine 
element, produces stress in the element and, because of the 
elasticity of the material, produces small deformations or 
strains. It is these strains which are measured. Accelera- 
tion is likewise measured by the strains induced. 

An object moving at constant linear velocity possesses 
no attribute which can be measured without disturbing 
that velocity. Hence, velocities must be obtained either 
by differentiating the space-time curves or by integrating 
the acceleration-time curves. It is also interesting to note 
that velocity information is of secondary importance as 
its magnitude does not affect functioning, or strength of 
materials. It is only when velocity changes (when acce- 
lerations occur) that stresses are induced. 

Acceleration stresses are usually distributed unevenly 
throughout the part, and the measurement will be quite 
sensitive to the location of the gage. It is often desirable 
to attach an “accelerometer” for the purpose of securing 
data dealing with stresses and strains. This consists of 
a small weight on the end of a flexible beam. The weight 
will not be acted upon by any forces other than those 
of its own inertia. Consequently, deflections of the beam 
will measure any accelerating forces which are transmit- 
ted to the weight as shown in Fig. 21. The motion of the 
accelerometer. may often be conveniently recorded by 
high-speed motion picture or displacement cameras. 

Strain measurements may be classed in general accord- 
ing to the following divisions: (1) Determination of 
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Fig. 22—Right—Schem- 
atic layout ‘of a resist- 
ance wire strain gage 


AMPLIFIER 

















and related apparatus 
used primarily to re- 
cord surface strains 





= 


BALANCING 





x a be | 
CATHODE RAY 
TUBE 




















GAGE 











MACHINE DresicN—September, 1947 





renee aa gomeyss eve tee 








strains which exceed a designated value, and (2) deter- 
minations which involve studying the growth,, magnitude, 
and duration of the strain. Records of stresses which ex- 
ceed a selected value may be obtained by the use of 
brittle lacquers or Stresscoats. These materials may be 
painted on a metallic surface to which they adhere readily. 
Their ultimate strength is very low, and may be varied 
and calibrated. Applied before a test, they will indicate 
afterward, whether the selected or calibration stress has 
been exceeded. This indication is given by the appear- 
ance of fine lines or cracks of the coat, which indicate the 
location and direction of the maximum strains. This meth- 
od often is used for survey purposes, to locate positions 
of stress concentrations, but does not give the values of 
the peak strains which may have been reached during the 
test cycle. For example, these coatings have been used 
to indicate the stresses set up in firing a gun but, in order 
to permanently record peak strains in the order they are 
set up, high-speed photography could be employed. Too, 
the complete analyzation of points of maximum stress 
could be recorded by employing coats of successively 
higher ultimate strengths, photographing each in turn. 

Recording of the transient phases of stress applications 
is best done by electrical means. A common pickup 
device is the electrical strain gage, which consists of a 
length of resistance wire, conveniently folded back upon 
itself so as to occupy a small area. This patch may be 
cemented to the object and will respond to changes in 
length of the surface to which it is attached. It should be 
noted that this method, as well as the brittle lacquer 
method, will only record those strains which appear at 
the surface of the part. Changes in length of the measur- 
ing wire cause changes in its resistance, and such change 
can be measured by its effect on the circuit in which it 
is placed. Because of the small strains, it is usually neces- 
sary to amplify the signals before they are introduced 
into an oscilloscope, where the variations appear traced 
by the moving electron stream. A schematic diagram 
is shown in Fig. 22. 


Photography An Aid To Strain Analysis 


[t is well known that the strain, when translated to an 
electron flow, will appear as a displacement on the screen 


_of the cathode-ray tube. If this motion is combined with 


a time base, the tube presents a time-strain picture which 
can be anlyzed by the methods of engineering mechanics. 
In order to make an extended analysis.of the record it is 
necessary to photograph it. This can be done by a dis- 
placement camera which records the entire trace or by 
motion picture cameras. This latter method can be used 
where the record covers more than one time cycle. It is 
possible, by means of mirrors, to record the images of 
more than one tube on the same camera. 

These methods may even be used in combination with 
others described. In one setup, three tubes were placed on 
the side of a square, and their images were reflected into 
a common direction by two mirrors. A time base was not 
used so that the motion of the luminous point in each 
tube was in one direction only. The motions were re- 
cerded on a drum camera similar to that used for record- 
ing displacements. 

While the time base of the oscilloscope furnishes a 
ready scale, it is often desirable to record the happening 
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of specific events of the strain record so that they may be 
correlated with other records. This is readily done by coup- 
ling other circuits, which are closed or broken by the 
passage of the mechanism through a characteristic posi- 
tion. For example, the recording of automatic gun me- 
chanisms has long been coordinated by placing a wire 
across the muzzle of the barrel. When the bullet breaks 
this circuit, an interruption is shown on the oscillograph 
record. 

The authors wish to express appreciation to Dr. Charles 
M. Slack of the Westinghouse Electric Corporation and 
Dr. C. N. Hickman of the Bell Telephone Laboratories for 
the photographs which they furnished. 
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New Testing Machine More Accurate 


FUNTIRELY new construction principles are embodied 
in the University of Washington’s new testing ma- 
chine, designed and built by The Baldwin Locomotive 
Works of Philadelphia. While not the largest in use, the 
huge machine rated at 2,000,000 pounds incorporates 
several new design features which make its steel columns 
more rigid than has been possible heretofore, to give the 
machine greater accuracy and make it more versatile. 

Special flex-plate construction ties the sensitive yoke 
to the transverse rigid beam. Three contacts are used 
between these two members—the capsule, which acts like 
a ball bearing and has no vertical stability; the initial load 
springs, which have no vertical stability; and the flex 
plates, which provide practically no vertical restraint and 
a maximum of horizontal rigidity. Another feature is ad- 
justable guides, made triangular in shape, not only to keep 
horizontal movement to a minimum but to lock the cross- 
head in position when required. 

The third feature which makes it possible to maintain 
the minimum tolerance against horizontal deflections 
under load, to prevent premature buckling of compression 
specimens and to neutralize horizontal components of 
force, is the flaring of the steel columns from a point 
about one-third of the way from the top to the base of 
the machine. This affords maximum rigidity or minimum 
deflection when testing specimens so long that their 
height forces the columns to function as cantilever beams. 
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Part 1V—Oil Cushions 





Fig. 35—Above—Typical internal combustion 
engine piston and piston-pin bearing in which 
oil cushion effect is important factor 

ANY types of machines produce pulsating or reciprocating 


loads on bearings and bearing surfaces on which, because of 

high pressures and lack of continuous sliding or turning mo- 
tion, oil-film breakdown and relatively severe wear are to be expected. 
Strangely enough this wear does not always appear. Crossheads, 
piston-pin type bearings and knuckle-joint bearings may show remark- 
able freedom from metal-to-metal contact, Fig. 35. Apparently, when 
conditions are favorable, an oil film is maintained between the con- 
tacting surfaces even though the relative motion of these surfaces be- 
comes momentarily zero. 

This load-carrying phenomenon arises from the fact that a vis- 
cous lubricant cannot be instantaneously squeezed out from between 
two surfaces that are approaching each other. It takes time for these 
surfaces to meet and during that interval, because of the lubricant’s 
resistance to extrusion, a pressure is built up and the load is actually 
supported by the oil film. If load is applied for a short enough period 


Fig. 36—Below—Force when oil film is squeezed 
out accounts for ability to resist momentary 
loads at zero rubbing speed 

















it may happen that the two surfaces will not meet at all. senneey 
When the load is relieved or becomes reversed, the oil film often 
can recover its thickness in‘ time for the next application, if the bear- c SS 
ing has been designed to permit and assist this build up. Indiscrim- a i aoe 
inate location of oil holes, oil grooves and reliefs may interfere with 1, AS, SIP, Yh Miippiss Jf fy 








the restoration of the oil film and destroy the major part of its load- 
carrying capacity. eu Bey 

For some years dynamically loaded bearings on which 
the load alternates or rotates have been the subject of 
much interest, conjecture and research. The most impor- 
tant of these are the bearings in aircraft and automotive 
engines. It is recognized that under certain conditions 
these bearings will safely carry greater loads than those 
predicted by the classical bearing theory based on the 
concept of a load acting only in a single direction’. It is 








now agreed that the difference between the characteristics 
of unidirectionally loaded bearings and those with a rotat- 
ing or reciprocating load is related to the ability of bear- 
ing surfaces to support a load when there is no relative 
sliding velocity. 

The basic equations of hydrostatic lubrication, as devel- 








1 References are tabulated at end of article. 
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oped in previous articles of this series, will serve to relate 
the variables and allow prediction of the action of these 
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ene en 


bearings when there is no relative sliding motion. 

Consider two circular flat plates of radius R approach- 
ing each other, or a single circular plate of radius R ap- 
proaching a large surface, Fig. 36. The clearance space 
between is filled with a viscous liquid which is being dis- 
placed radially outward by the relative motion of the 
plates. An elementary circular slot can be imagined 
through which the liquid is being forced. Depth of slot 
in direction of flow is dr, thickness is h, and width is 2 x r. 
From Equation 2 in the first article (M.D., June, 1947, 
Page 112) the flow of an incompressible viscous fluid 
through a finite slot is 


_AP bh 
= 12/1 





where q is flow, cu in. per sec, Ap is pressure difference 
causing flow, psi, b is width of slot, inches, h is thickness 
of slot, inches, 1 is depth or length, inches, and ,» is vis- 
cosity in reyns (lb-sec per sq in). Applied to the differen- 
tial slot this becomes 
~ 2xrh* dp 
ons ae 





Inasmuch as p decreases as r increases, dp/dr is negative. 
The volume of fluid being forced out through this differ- 
ential slot is the volume being displaced by the imaginary 
disk of radius r as it approaches the lower flat surface. 
Expressed algebraically 


Qp = rv 
where v is the relative velocity of approach of the plates, 


inches per sec. The volume displaced is the volume flow- 
ing through the differential slot, so 





aay 2xrh* dp 
sana 124 dr 
6yuurdr 
dp= ie 
Suur? 
cng ee a a 
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| Fig. 37—Diagram used 
in calculating oil-cush- 
ion effect in a slipper 
Lj type of bearing 
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the boundary condition that at r = R, p = 0, which 
leads to 


_3huvR 
—. 


Cc 





And the pressure at any point becomes 





3 yu 
p= = [ ar | cath Gn Benet sien Fer al (25) 


This pressure variation is parabolic and on the entire sur- 
face forms a paraboloidal distribution with a maximum 
pressure in the center, at r = 0, 
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is 


Load-carrying capacity, W, is the product of the area and 
this average pressure, W = w R? X P,,, or 





Equation 26 can be utilized in a number of different 
ways, depending upon what information is known and 
what is to be determined. For a constant load, W, the 
instantaneous velocity of approach can be computed for a 
given film thickness. The opposite condition can also be 
analyzed where there is a uniform velocity of approach. 
In this case, as the film thickness decreases the build-up 
in pressure and load-carrying capacity can be evaluated. 

As an example of the first type of calculation, consider 
two circular plates, 8 in. in diameter, separated by a film 
of SAE 30 oil, 0.005-in. thick, at a temperature of 100 F. 
A load of 750 lb is applied to the plate. 

The viscosity in English units (M. D., June, 1947, Page 
112) is 152107 reyns (lb-sec per sq in.). Then in 
Equation 26 for a film thickness of 0.005-in., the instan- 
taneous velocity of approach is 


_ 8XX152X10-*Xvx 4! 


750 
2X (0.005 )* 





v=0.0051 in. per sec 
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In the center column of TaBLeE I are listed instantane- 
ous velocities of approach for other film thicknesses, show- 
ing the extremely rapid decrease in velocity as the oil film 
gets thinner. This is a cubic relationship and the loga- 
rithm of h, the film thickness, plotted against the loga- 
rithm of v, the velocity of approach, will be a straight line. 

As an example of the second type of calculation, where 
a uniform velocity of approach is applied to the disks 
forming the oil cushion, consider the same two 8-in. diam- 
eter disks separated by a film of the same SAE 30 oil at 
the initial thickness of 0.005-in. If the plates are made 
to approach each other with a velocity of 0.001-inch per 
second, the resisting force under initial conditions will be, 
from Equation 26, 


3”7X152X107X0.001 x 44 
es ae OT 
2X (0.005 )* 


For other film thicknesses, resisting forces are tabulated in 
the right-hand column of TasLe I. Again, a plot of the 
logarithm of film thickness. h, against logarithm of resist- 
ing force, W, will be a straight line. 

Because of the rapid increase of the resisting force as 
the film thickness becomes smaller, it would be almost 
impossible to maintain a constant approach velocity. An- 
other contr‘buting factor to prevent a uniform velocity of 
approach 1s the characteristic of many fluids to become 





Direction of 
motion, bearing 











Direction of 
motion, journal 











TABLE I 
Forces Between Two Disks Approaching Each Other® 
Film Approach Velocity v Resisting Force W 
Thickness h (for W=—750 Ib) (for v—0.001 in. per sec.) 
(inches) (inches per second) (pounds) 
0.005 0.0051 147 
0.004 0.0026 287 
0.003 0.0011 67 
0.002 0.00033 2290 
0.001 0.000041 18300 
0.0009 0.000030 25200 
0.0008 0.000021 35800 
0.0007 0.000014 53500 
0.0006 0.0000088 84900 
0.0005 0.000005 1 147000 
0.0004 0.0000026 287000 
0.0003 0.0000011 679000 








® Disks 8-in. diameter, lubricant SAE 30 oil at 100F. 


more viscous at higher pressures (M. D., June, 1947, Page 
115, Equation 7). Any increase in viscosity would pro- 
duce a correspondingly greater resisting force between the 
two plates. 

It is often desirable to know the time that will elapse 
tor an oil film to be reduced to some minimum value, a 
value which may have been established as the thinnest 
permissible film for that particular bearing or bearing sur- 
face. The time required to reduce the film thickness can 
then be compared to the length of time the load is actually 
applied. 

An expression for the elapsed time can be obtained from 
Equation 26, remembering that the velocity of approach, 
v, can be represented by dh/dt, the rate of change of the 
film thickness with respect to time: 


the sign being negative because dh/dt is negative. Then 
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Fig. 39—Illustrating the cushioning effect of the oil film in 
a wrist-pin type of bearing 


3auR* dh 
Fi a al 
2wW 
and t, the time in seconds required for the film thickness 
to be reduced from an initial value of h, to some final 


value h. will be 


ho 


3ruR dh 
2W h' 

















Pa dal 1 =~ | 
AW LA? he 


In a most carefully conducted series of tests at the 
Kingsbury Machine works S. J. Needs has experimentally 
verified these “oil cushion” equations?. He measured the 
rate of approach and film thickness of two lightly loaded, 
optically flat disks separated by typical lubricants. The 
disks were %4-in. in diameter. Among the lubricants used 
were castor oil, olive oil and a light mineral oil. Constant 
load on the plates was 0.199-Ib. Using a castor ,oil with 
a viscosity of 508 x 10-7 reyns (Ib-sec per sq in.) the av- 
erage time (four tests) for the film thickness to reduce 
from 0.00016-in. to 0.00005-in. was about 1.3 hours or 
approximately 78 minutes. 

Theoretical time for this change in film thickness is ob- 
tained by substituting in Equation 27: 


3X 2X 508X 107’ X (0.375)* 
4X0.199 


1 1 
(0.00005)? ~— (0.00016. =] 





t=4292 sec 


which is equal to 71.6 minutes, a reasonably gocd check. 
Mr. Needs measured film thicknesses down to 0.000025- 
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Fig. 41—R'ght—Values of load-carry- 
ing capacity factor, K, for various 
values of eccentricity 
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in. For values less than 0.00005-in. an increasing dis- 
crepancy appeared between measured and theoretical in- 
tervals of time. It actually took longer for the plates to 
approach than predicted by the use of Equation 27, indi- 
cating that the effective viscosity of the lubricant in such 
thin films had somehow increased. The lubricant no 
longer behaved in accordance with its “bulk” viscosity 
characteristics. No conclusive explanation can be offered 
except to suggest that the proximity of the metal surfaces 
influenced the viscosity of the fluid, causing the film to 
become more rigid. Contamination by minute solid par- 
ticles might have the same effect in very thin films. No 
matter what the reason may eventually prove to be, the 
use of Equation 27 for very thin films—0.00005-in. thick- 
ness and less—will be on the safe side in that the actual 
time for approach of the plates will be somewhat greater 
than the theoretical. 

Crosshead type mechanisms where long rectangular sur- 
faces approach each other may be analyzed in much the 
same manner, Fig. 37. The ratio of the two dimensions 
b/l is assumed large so that flow will occur only in one 
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direction, the x-direction. Again an elementary slot is pic- 
tured, through which fluid is being forced by the approach 
of the plates. Depth of slot in direction of flow is dx, 
width of slot is b, and, as before from Equation 2 the ex- 
pression for the flow through such a slot becomes 


The volume being displaced by the surfaces of width b 
and length x, approaching with velocity v, is 


Qo =vbx 
These volumes are identical, so that 


pre 2h a 
wr en ae 


Solving for p and evaluating the constant of integration 
for the condition that p = 0 when x = 1/2, the pressure 
becomes 
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This is a parabolic pressure distribution with a maximum 
value, atx = 0, 


3yvl? 


P naz =——— 
2 h' 


The average height of a parabola is 2/3 of the maximum 
so that the average pressure on the entire plate, neglect- 
ing end leakage in the b-direction, is 


pul? 


Pun” he 


The instantaneous load-carrying capacity in terms of a 
constant velocity of approach is then 





and, in a manner identical with that for obtaining Equa- 
tion 27 from Equation 26, 


t= 








2W L he h? 





bunk 1 1 ] 


where t is the time in seconds for the film thickness to re- 
duce from an initia] value of h, to a final value h, with a 
constant force W acting on the rectangular plates. 

The action of square plates approaching each other can 
be approximated from Equation 25a for a circular disk. 
In terms of diameter Equation 25a becomes 


Pavg= 





3 ae) 
8 h3 


A square plate of dimensions D x D, Fig. 38, will im- 
pose a somewhat greater restriction to the escape of oil 
than a circular plate because of its extra corner area. This 
will raise the average pressure exerted by the oil film. 
Estimating this effect as 42 for a square plate as compared 
to 38 for a circular plate, the average pressure for the 
square plate will be approximately 


/ Pavg= 





1 | 
2 h 


and the corresponding instantaneous load-carrying capacity 


pu Ds 


Ww 
2 h® 


The time interval in seconds corresponding to Equation 
27 will be, for the square plate, approximately: 


eiaidintae (SZ) 

Finally the case of a journal approaching its bearing 
will be considered. Typical examples are piston-pin and 
knuckle-joint types of bearings. A journal and bearing be- 
ing forced together with some relative velocity v are rep- 
resented in Fig. 39. Lubricant in the bearing is squeezed 
from the top of the clearance space down both sides as 
indicated by the arrows. During this extrusion process, 
as in the case of circular, square and rectangular flat plates, 
a pressure is built up in the oil film so that the load is ac- 
tually supported for a time without metal-to-metal contact. 
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Fig. 42—Instantaneous velocity of approach of piston pin 
and its bearing due to load of 1037 pounds 


Consider a bearing and journal of radius R and r re- 
spectively. As they approach each other the lubricant 
will be forced through a differential slot of length r d@ and 
width b. Assume that the bearing is long compared to 
its diameter so that flow along the axis of the bearing will 
be negligible as compared to flow down and around the 
sides. Again using Equation 2 for the viscous flow of an 
incompressible fluid through a finite slot, 


_ AP bh 
w12 pl 





As applied to this elementary slot, AP will be replaced by 
dp and I by rd@. Noticing that dp/dé is negative, the ex- 
pression for flow will be 


ws dp bh’ 
I" ~ s,ra9 


It should be observed that h, the film thickness, is not 
a constant but will vary with the angular position @ and 
also with the relative displacement of the journal in the 
bearing. This relative displacement is termed the eccen- 
tricity and can be designated by c. Its value will vary 
from zero for perfect concentricity to a value of one for 
metal-to-metal contact when the journal touches the bear- 
ing. An.expression for the film thickness, h, as developed 
in the article on Oil Lifts (M. D., July, 1947, Page 117), 
is 


h=mr\|1—ccos 6] 
and the minimum film thickness is 
h,=mrill—c 


or 


ho 
—=1-—c 
mr 


where m is.the clearance modulus of the bearing in inches 
(Continued on Page 188) 
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Fig. 1 — Left — Electro-hydraulic 
unit operated by solenoid valves 


Fig. 2—Right—Basic hydraulic ser- 
vo, showing possible ways to mod- 
ify it for remote control purposes 


By H. Ziebolz 


Vice President and Chief Engineer 
Askania Regulator Co., Chicago 


ularly suitable for accurate transmission of signals 

over extended distances. A power unit for such a 
system is illustrated in Fig. 1. Simple mechanical servos 
have a particular drawback in that there is a severe limita- 
tion upon the range over which a given input s, can be 
transmitted with a prescribed accuracy to produce a cor- 
responding output sj. In an attempt to arrive at ‘a solu- 
tion for the problem of transmission over greater distances, 
Figs. 3 and 4 in the article “Designing Hydraulic Servos” 
(M. D., July, Page 123) have been redrawn into Fig. 2. 
The wavy lines indicate possible ways of cutting the links 


P NEUMATIC and electric servo systems are partic- 





UTILIZING TRANSLATORS as a basic ap- 
proach to designing pneumatic and electric 
servos, the author discusses these servo sys- 
tems using each as a stepping stone for the 
design of the next. The simplified translator 
method has been presented in previous arti- 
cles, “A New Approach to Design” in June 
and “Designing Hydraulic Servos” in July 





of this diagram in order to expand the circuit over a 
greater area. 

Line I disconnects the pilot valve D from the cylinder 
F. It is evident that there is no difficulty in extending 
these pipe lines if sufficient energy is provided to over- 
come pipe friction and other losses. Any effect which a 
lengthening of the pipe lines will have on the character- 
istic of ds,/dt as a function of sz is not critical as long as 
the speed of piston E will become zero for s; = 0 and as 
long as the stability of the system is not affected. 

It is more difficult to break the link between C and E. 


132 


If consideration is limited to a mechanical solution of the 
problem, there will be only two more variables which can 
take the place of stroke. They are a force F or a pressure 
of a fluid P. 

To transmit a force F, a mechanical connection is still 
needed and the solution is no better than when using 
stroke s. However, using gas or fluid pressure, a link can 
be obtained which may be several hundred feet in length 


- or at least equal in length to the link between the piston E 


and the pilot valve D. 

How this can be accomplished is shown in Fig. 3. The 
stroke s,, of piston E is translated into a directly propor- 
tional pressure P by means of a “force-balanced” translator 
which will be described later. Thus a translator of the 
type (S2,/P) is obtained to which is added another trans- 
lator (P/ss,) in series, unit LMNO. This produces the 
translator chain 


(Sea /P)+ (P./ 8) = (Sea, ‘Sop ) 


or the desired mechanical link between the motion s., of 
piston E and the motion s,, of piston N which is identical 
with the motion of C. 

It appears from the foregoing, however, that the choice 
of the variable P, a mechanical parameter, was arbitrary 
insofar as any other variable would have fulfilled the same 
purpose as long as the translator equation 


(S24, / variable )+ (variable / 8»: ) = (82a,/S»;) 


is fulfilled. How electrical links can be substituted for the 
mechanical ones—force, pressure and stroke—will be dis- 
cussed later. 

Design of the translators (s2,/P) and (P/s2,) calls for 
further explanation. In Fig. 3 the stroke s., is used to 
produce a force by means of a (stroke/force) translator 
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(Sog/F), a spring G. This force is used to deflect a 
jet-pipe relay H until the pressure built up on diaphragm 
I produces a counteracting force P, multiplied by the area 
of the diaphragm which balances the force of the spring. 

Here, too, the elements of Fig. 2 are found, the only 
difference being that the summarizing device, the jet lever, 
summarizes the forces F, of the spring and F, of the 
diaphragm. The resulting displacement of the sum- 
marizer, s,, produces a rate of flow of fluid dQ/dt into the 
diaphragm chamber, which builds up to a pressure P since 
volume and pressure are directly proportional and the 
diaphragm volume acts as a receiver for Q, integrating 
dQ/dt over time. 

Therefore the circuit can be represented by 


B+ R)+(2/0)+ (9/2) +( “Oat )+ (P/F) 


dt 


Fi=P, feedback loop 


The circuit is reversed at the other end of the chain by a 
device which represents the translator (P/s2,), see MLNO 
in Fig. 3. Here a force summarization is accomplished by 
opposing the force of the diaphragm L by the force of a 
spring O with a piston N producing a motion s,,. This 
latter type of translator (P/s) is shown in Figs. 5 and 6. 
It is being used as a hydraulic power booster for opera- 
tion of heavy. dampers. 

In Fig. 4 a loading device A using a pneumatic relay of 
the jet-pipe type produces a pressure P. This device cor- 
responds to the one shown on the right-hand side of Fig. 3. 
On the receiving end the self-contained power units shown 
in Figs. 5 and 6 produce the translation from pressure 
back into strokes. The cam C of Fig. 5 can be so de- 
signed that it will produce any desired relationship be- 
tween the applied pressure and the stroke of the piston. 

In analyzing the above circuit it appears that the trans- 
lator chain 


(S22 / variable) + (variable /s2,) = (S20/82) 
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Fig. 3—Above—Modification 
of the basic circuit in Fig. 2, 
providing remote control 


and Electric Servos 


Fig. 4—Below—Translator of 

the (stroke/pressure) type, 

utilizing jet-pipe ond dia- 
phragm arrangement 
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Fig. 5—Below—Translator for a (pressure/stroke) system 
used as a hydraulic power booster 
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is a simple solution for the general servo problem (s,/s). 
Comparing it, however, with the more elaborate solution 
of Fig. 3 the following difference is found. 

In the servo system, Fig. 5, no indication is obtained at 
the transmitter. whether or not the receiving translator 
(P/sg,) has responded, while in the case of Fig. 3 the 
loop is closed. While most commercial applications use 
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circuits of the type shown in Fig. 5, there are many re- 
mote-control applications where the basic circuit of Fig. 3 
becomes preferable, as it continually feeds back the’ actual 
result produced by the transmitter (s2,/P). 

In Fig. 7 another modification of the device illustrated 
in Fig. 5 is shown. This device also produces a stroke in 
response to an applied pressure P. The details of this 
circuit are shown in Fig. 8. The device actually consists 
of a series arrangement of two translators 


(Pi/81)+ (81/52) = (Pi /82) 


The position s, is controlled by a “valve positioner”, as 
it is commonly used for precise adjustment of air-operated 
control valves. This is accomplished by applying the pres- 
sure P, to a force-summarizing lever which establishes a 
balance between the compression of a spring and the force 
of the bellows. The relay K varies the pressure P, on the 
top of the diaphragm until the diaphragm produces a 
stroke, which, translated into the force of the spring R, 
establishes the balance of the pneumatic relay K. 

The hydraulic circuit which is used to obtain the trans- 
lation (s;/s2) is identical with those previously discussed 
and therefore does not call for further explanation. In its 
behavior the device shown in Fig. 7 is equivalent to and 
interchangeable with the one in Fig. 6. 

Before going further with the analysis of servo design 
and, in particular, before starting the introduction of elec- 
trical parameters into translator chains, it will be best to 
analyze once more the basic translator circuit in order to 
arrive at more universal concepts. 

Designating the individual translators with symbols A, 
B, C and D, Fig. 9, each will be discussed. The first is 


(A)=The “summarizer” or “error detector” (2) 


Such a device compares two signals with each other. This 
implies in its broadest sense that it must be a device which 
establishes differences (summarization problem) of prop- 
erties of such signals. The device is called a “summariz- 
ing device” and it should be remembered that, in order to 
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summarize, it is necessary to translate the signals which 
are to be summarized into common parameters which per- 
mit such a summarization. 

lf, for instance, two pressure signals are to be compared, 
it becomes necessary to translate these pressures first into 
forees or strokes or into other variables of the same kind 
which lend themselves to summarization, as two pressures, 
as such, cannot be summarized. 

In these symbolic diagrams it is therefore assumed that 
the upper box of Fig. 10 stands for the three (or more) 
boxes necessary to accomplish the summarization. 

The second link in the chain, Fig. 9, is 


(B)=The “error translator’ (=/x) 


This was represented by (3/sg) in the previous mechan- 
ical solution and is a device which translates the sum of 





Fig. 6—Above—Self-contained hy- 
draulic power unit shown schema- 
tically in Fig. 5 


Fig. 7 — Left—Pneumatic-hydraulic 
(pressure/stroke) translator 
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Fig. 8—Above—Schematic diagram of translator of Fig. 7 
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Fig. 9—Above—Typical servomotor circuit showing basic 
elements used in a system 


Fig. 10—Below—Summarizer of the servo circuit, x being 


a common parameter 
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Fig. 11—Below—Translator of (stroke/voltage) type is a 
center-tap potentiometer 
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the signals, i.e., the resulting “error signal”, into a suitable 
parameter x for transmission to the next translator (C). It 
has been shown that the three parameters—force F, stroke 
s and pressure P—can be used conveniently for this pur- 
pose. In the following discussions, electrical or other 
physical parameters will be used for the same purpose 
and the symbol x will be chosen to represent any suitable 
parameter. 


The third link in Fig. 9 is 
(C)=The “energy flow distributor”, or the 


d Energy 
“relay” or “amplifier” ( x x | <—ee 


In mechanical servos this translator was written 





This was a special solution suitable for mechanical and 
fluid type amplifying devices. A closer analysis of the 
translators which have been discussed shows, however, 
that the broader concept of the translator (C) is one which 
covers the fact that this type of translator controls the 
energy distribution to a power mechanism in response to 
the translated error signal. 

In the case of hydraulic circuits, this means that this 
translator is a fluid relay which controls the rate of flow 
of the pressure fluid and its direction as a function of its 
displacement. Obviously enough, this energy does not 
necessarily have to be fluid power, but can also be any 
other form of energy, i.e., heat, radiation, electric power, 
etc. 

Therefore it may be concluded that the translator (C), 
often termed an “amplifier” or “relay”, is basically a trans- 
lator which controls the rate of energy supply to another 
device in its magnitude and direction proportionally to an 
“error signal” input. This may be written as 


dE 
(signal / - — ) translator 


The fourth link, Fig. 9 is 


(D)=The integrator device, the “power unit’ 
or the “motor” (/) 


This last link in the chain is the translator which integrates 
the energy supply rates and produces a signal which is 


Fig. 12—Below—Electron-beam tube servomechanism 
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Fig. 13—Above—Electron-beam tube. Position of magnet 
deflects beam, producing a signal voltage 


Fig. 14—Below—Basic diagram of an electric remote-con- 
trol servo system 
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proportional to the integral of the energy supply rate of 
the translator (C) over time. In its simplest hydraulic 
form it is a cylinder; in the electrical solution, a motor. 

With these very genera] concepts, the modification of 
previous servos will be approached to take care of one of 
the most common additional requirements—the use of 
electrical power for transmission of signals as well as for 
applying the desired power. 

Basically, nothing new is added to the previous sys- 
tems by using electrical connections. Electricity is simply 
selected as the auxiliary medium to be interposed between 
“input and output locations. 

The first two systems which will be discussed are mere- 
ly stepping stones on the way from mechanical to elec- 
trical systems. While they utilize electricity as an auxil- 
iary medium, they still require a mechanical connection 
between input and output locations. In the system shown 
in Fig. 9 the input and output strokes are connected to a 
mechanical error detector (A) which, at any time, fur- 
nishes an error stroke equal to the difference of input and 
output strokes. It has been shown that a differential gear 
is suitable for this type of an error detector. 

The transition from mechanical to electrical quantities 
is accomplished in the translator (B), which can be used 
to furnish an electrical signal corresponding in magnitude 
and sign to the applied mechanical error stroke. 

A variety of devices are available for use as “translators” 
translating the error stroke into an error signal. A simple 
translator, as shown in Fig. 11, is a center-tapped poten- 
tiometer the slider of which may be connected to the out- 
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put shaft of the preceding differential-gear error detector. 


The supply voltage for the potentiometer can be ac or de _ 


according to the design of the following amplifier circuit. 

In general, the electrical output of the translator will be 
too small in power level to energize the motor or power 
unit (D) directly. Therefore, in many cases, an amplifier 
or relay or energy distributor (C) is provided to step up 
the electrical power to a value sufficient to operate the 
motor which in turn is dimensioned to position the output 
or load shaft in accordance with the input signal. 


Electron-Beam Tube Produces Differential Signal 


In Fig. 12, a system is shown which also requires prox- 
imity of input and output shafts due to the use of a me- 
chanical feedback. The input stroke causes a small per- 
manent magnet to travel near a beam of electrons inside an 
electron-beam deflection tube*, Fig. 18. According to the 
position of the magnet the beam will be deflected from 


its neutral position and thereby cause a signal voltage to* 


appear across the target plates. 

This beam deflection, however, can be nullified by the 
movement of another magnet which is positioned by the 
output shaft. Hence, as long as there is a disagreement 
between the positions of the two magnets, or between in- 
put and output strokes, a signal voltage is applied to the 
amplifier which will cause the motor to vary the position 
of the output shaft until the error is reduced to zero. 

It is interesting to compare Fig. 12 with Fig. 9 and to 
note that the electron-beam tube represents the “error de- 
tector” plus the “error translator” of Fig. 9. Similarly to 
the two units in Fig. 9, the electron-beam tube compares 
two mechanical strokes and produces an electrical error 
signal as long as the strokes are unequal. 

The system of Fig. 12 finds its place in applications 
where the primary element, producing the input stroke, 
cannot be loaded with the friction and inertia forces un- 
avoidable in a mechanical error detector. All that is re- 
quired from the primary system in Fig. 12 is to carry a 
tiny deflecting magnet which does not add any appre- 
ciable loading even to delicate mechanisms. 

While systems of the type just discussed may have many 
practical applications, they do not lend themselves to the 
solutions of problems where remote locations of input and 
output shafts are required. To solve problems of this 
type, the mechanical-stroke feedback loop must be opened 
and a link substituted which permits closing of the loop 


ease Glass—“Deflection Beam Tube”, Electronic Industries, August, 
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Fig. 15—Servo system comprising (a) transmitter, (b) am- 
plifier and (c) power unit 


over greater distances. It is evident that.the stroke-signal 
translators, already used in the input portion of .these sys- 
tems, will be just as useful in providing a nonmechanical 
feedback link. 

Basic diagram of a remote transmission system is shown 
in Fig. 14. Here, both the input and output strokes are 
translated into electrical signals in translators (s,/x,) and 
(s./xg). Both translators report the positions of their re- 
spective inputs to an error device (3x) which produces 
an error signal, expressing in electrical terms any me- 
chanical unbalance between input and output strokes. 

A commonly found reporting system uses, as translators 
(s/x), two potentiometers connected in a Wheatstone 
bridge circuit. The bridge performs at the same time the 
function of an error device so that its output voltage can 
be fed direct into the amplifier., A system of this type is 
shown in Fig. 15. The transmitter is the translator (s,/x,) 
of Fig. 14; the amplifier contains the translator 


(2 :/2 d — =) 


while the receiver combines the motor ( f ) and its trans- 
lator (s:/x.). The summarizer is the circuit in which 
(s;/x,) and (s2/x2) are part of a Wheatstone bridge. 
Another well-known reporting system consisting of 
synchro-generator and synchro-control transformer has the 
same feature of eliminating the need for a separate error 
detector. The same applies to bridge-type circuits com- 
posed of inductance or capacitance elements which can be 
controlled by mechanical motion applied to movable ele- 
ments. If, however, independent voltage sources are used 
as translators (s,/x,) and (s2/x2), the translator voltage 
must be applied to an error detector which, in many cases, 
may be incorporated in the “amplifier”. A number of cir- 
cuits are available which will compute the difference of 
two voltages, thus producing the desired error signal. 
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A system according to Fig. 15 develops an output torque 
determined by the motor design. It is immediately ap- 
plicable to positioning problems presenting a load torque 
up to the rated motor torque. If higher load torques are 
to be handled, one can of course select a larger motor and 
redesign the amplifier for increased power output. An- 
other approach, however, makes use of the standard sys- 
tem, Fig. 15, and adds another stage of torque amplifica- 
tion in order to obtain the desired output torque. This 
follows. the customary procedure of amplifier design pro- 
viding for a power output stage after initial voltage ampli- 
fication. A system of this kind is shown in Fig. 16. 

The first stage is identical with the previous system of 
Figs. 14 and 15. The output stroke of the first stage, 
however, is now applied to the second or power stage, 
which is an independent hydraulic stroke translator in it- 
self. The final output stroke will again duplicate the orig- 
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Fig 16—Above—Servo with additional power stage 


Fig. 17—Below—Power stage (s/s) translator of lower right- 
hand corner of Fig. 16 
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inal input stroke, but at a greatly increased power level. 

The two-stage approach offers a number of attractive 
features. The standard system, used as first stage, can be 
built with increased power output without any changes in 
its design. The value of the power stage, which may be 
selected from a variety of standard models, is enhanced by 
the addition of the remote control properties of the first 
stage. The combination of two independent systems al- 
lows for great flexibility in design. 

In actual design it is advantageous to combine in one 
unit the power stage with the first stage. An example is 
given in Fig. 17, which shows a hydraulic power cylinder 
with pilot valve combined with the receiver, as diagram- 
matically shown in the right-hand lower corner of Fig. 16. 

A look at actual torque values involved may serve to 
indicate the potentialities of systems of this kind. The in- 
put torque required to move the input translator (s,/x,) 
may be of the order of 0.003 oz-in. The output torque 
obtained from hydraulic power cylinders of the type shown 
in Fig. 17 is about 4000 Ib-in. Thus, a torque amplifica- 
tion of approximately 20 million is obtained without any 
difficulty. By using hydraulic cylinders of larger size this 
amplification ratio is practically unlimited. 

Obviously it is not necessary to link the first stage of 
Fig. 16 with the power stage through a mechanical link. 

By the use of a relay, which is basically a translator of 
an energy-rate input of one energy level into an energy 
output of another level, the first stage can be connected 
with the power stage. The final output of the power unit 
of the power stage is then fed back through an interme- 
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Fig. 18—Above—Radio-operated servo with one translator 
channel, broadcasting from station | to station Il 


Fig. 19--Below—Radio-operated servo with two translator 
channels compares position of output shaft with input stroke 
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diate translator (s)/x2), obviating the mechanical link. 
This is basically the circuit of Fig. 14 with the excep- 
tion that the translator 


( / d Energy ) 
zx | ——_ 
dt 


consists of two translator boxes. 

An example of this type of servo is shown in Fig. 1, in 
which a hydraulic motor (crank cylinder) is getting its 
energy supply through two solenoid-operated valves. ‘The 
electric energy supplied to energize the solenoids is trans- 
lated into corresponding energy flows of oil under pres- 
sure. Another modification of purely electrical nature is 
the use of an’ amplidyne which serves to raise the energy 
fiow ‘level from a relatively low watt input level to prac- 
tically unlimited values. 


4 
Distance Should Not Disturb Circuit Balance 


All systems discussed so far require some electrical con- 
nection linking the remote input and translator (s,/x;) 
with the remaining units. Basically, the possible length 
of this line connection is determined by the equipment 
which the modern wire communication technique has tc 
offer, and may extend over thousands of miles. It will be 
appreciated, however, that the line itself is an additional 
circuit element and that, for longer distances, the transla- 
tors must be selected so that the line characteristics will 
not disturb the correct balance condition. To put it an- 
other way, the value of x, must not be affected by the 
transmission over the distance between transmitter and 
receiver. In certain applications, however, as in systems 
involving moving vehicles, any ‘wire connection becomes 
impossible and a radio link has to be established between 
the input and output stations. 

A basic solution of the problem is dint in Fig. 18. 
Here an audio frequency was chosen as th. signal to be 
broadcast from station I to station II. Station I consists oh 
a translator which converts the input stroke into a corre- 
sponding frequency, and of a radio transmitter which 
sends out a radio signal modulated with this frequency. 
Station II contains a radio receiver which reproduces the 
audio frequency at the remote point. This frequency is 
then applied to a (frequency/stroke) translator built of 
similar elements as the first translator and producing an 
output stroke identical with the input stroke.. The radio 
system of Fig. 18 is similar to the earlier system of Fig. 16 
inasmuch as it consists of two independent systems trans- 
lating input stroke into frequency, station I, and frequency 
into output stroke, station II. Only a single radio chan- 
nel is required. 

If it is desired to observe at station I whether station II 
performs correctly, a radio system related to the principle 
of Fig. 16 may be designed which uses two radio channels 
and therefore two transmitters and receivers, Fig. 19. The 
position of the output shaft in station II is then to be re- 
broadcast to station I, compared with the desired posi- 
tion, i.e., input stroke, and an error detector causes a sig- 
nal to be broadcast to station If whenever a correction of 
the output shaft is required. | 

The author is greatly indebted to his company’s chief 
electronic research engineer, Paul Glass, for many sug- 
gestions while preparing the electrical part of this article. 
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OR lack of a better, more concise term for the press- 
ing and sintering of metal powders into machine 
parts of all varieties, the generally recognized one 
“powder metallurgy” is normally employed. Although not 
always considered as such, powder metallurgy is a pro- 
duction process and recent developments in technique 
have advanced it to a point where it now must be ranked 
alongside the many others covered in this series. 
Historically, powder metallurgy antedates most other 
methods, the first actual recorded experiments being those 
of Wollaston in 1829. Continuous research led to the 
first practical commercial use in producing tungsten wire 
in 1916. The first porous metal bearings were marketed 
just following World War I, but in the ensuing years 
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improvemenis and new applications developed at a rather 
slow pace. With the outbreak of World War II, however, 
the vast potentialities of powder metallurgy began to be 
realized for its value not only as a method of fabricating 
parts whose physical characteristics are impossible to 
produce otherwise, but a large-volume mass-production 
process having excellent speed and material economy. 
Successful applications of parts produced from metal 
powders to date are rather impressive. Beyond the well- 
known oilless or self-lubricating bearings and like parts, 
there lies a tremendous field of machine parts which, with 
the particular characteristics available through powder 
metallurgy, can be redesigned to achieve greatly improved 
performance, longer service life, simplified design and 
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manufacture, lower cost per part, etc. Representative of these 
are external and internal gears, external and internal ratchets, 
levers, sliding blocks, cams of all varieties, clutch friction 
facings, internal and external splines, rollers, guides, permanent 


magnets, piston rings, bushings, turbine 
blades, small clutches, spacers, etc., Fig. 
8 

A variety of methods can be utilized 
to’ produce end products from metal 
powders as well as from combinations of 
metallic, nonmetallic, and intermetallic 
powders. Several general classes can be 
set up, the first in which consolidation 
during sintering is primarily a particle- 
to-particle cohesion or the contact fusion 
of particles containing a melting consti- 
tuent, the second in which one of the 
’ powders used acts as a melting medium 
bonding or cementing together a high 
melting-point constituent, and a third in 
which consolidation of a fairly high melt- 
ing-point metal is achieved as in the first 
category but, lacking high density, the 
compact is impregnated with low melt- 
ing-point metal. 

Various steps in the procedure which 
may be employed in producing parts 
are generally as follows: (1) Selection 
of the powder or powders best suited 
for the part being designed as well as 
for the most rapid production; (2) wet 
or dry mixing of powders where more 
than one powder is to be used; (3) pres- 
sing in suitable dies; (4) low-tempera- 
ture, short-time sintering usually referred 
to as presintering for increasing strength 
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F'g. 1—Above—Group of representative precision ma- 
chine perts produced by powder metallurgy 


Fig. 2—Below—Parts best suited for production by 
means of powder metallurgy cannot be produced at 
all or economically by other methods 
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»% fragile parts, removing lubricants, etc.; (5) machining 
or otherwise forming of presintered parts; (6) sintering 
green compacts or presintered parts to obtain the desired 
mechanical properties such as proper density, hardness, 
strength, conductivity, etc.; (7) impregnating operation 
for low-density sintered compacts, usually by dipping in 
molten metal so as to fill all pores; (8) coining or sizing 
operation, cold or hot, when necessary to attain more 
exacting dimensional tolerances and also improve proper- 
ties; and (9) a hot-pressing operation to replace the usual 
pressing and sintering. 

Most commonly used commercially is the plain cold 
pressing and sintering cycle. Presses may be mechanical, 
hydraulic or a combination of both. Generally, small 
parts which can be made at high speed with relatively 
low pressures are best produced in mechanical automatic 
presses with single or multiple-cavity dies. Such presses 
for ‘average parts, say up to 6 inches in diameter, have an 
cutput from about 200 to 1600 parts per hour using 4 
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Fig. 3—Axial projections, complex shapes, slots, grooves, 

blind holes, and recesses are easily obtainable so long as 

such design details can be produced by the action of one 
punch or two opposed punches 

























cempacting pressure of approximately 10 tons per square 
inch. Small bushings have been produced at a rate of 
12,000 pieces per hour, and certain simple machine parts 
at speeds as high as 30,000 per hour using a dial-feed ar- 
rangement. These presses are either of the single-action 
tvpe which compresses with the top punch only, or of 
the double-action type which employs movement of the 
lower punch simultaneously with the upper to obtain more 
uniform compacting and for automatic ejection. 

Where parts are of large size or when maximum uni- 
formity in density is necessary and maximum speed is not 
so essential, hydraulic presses are employed. Parts with 
approximately 12 to 14 square inches of area, pressed at 
30 tons per square inch, have been produced at a rate of 
1200 pieces per hour on a 375-ton press. As a rule hy- 
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draulic presses range up to 500 tons capacity although 
the great bulk of machine parts are produced on presses 
falling within the 5 to 200-ton range. Average powder 
metal work requires anywhere from 5 to around 100 tons 
per square inch and an average of 30 tons per square inch 
for pressing or compacting, so the broad limitations on size 
of parts which can be handled is readily apparent. It is 
interesting to observe, however, that the final density of a 
powder metallurgy product is not determined by the pres- 
sure under which it is cold-pressed or briquetted. Rate of 
pressure application, particle size, type of material, sinter- 
ing time and temperature, occluded gas, etc., also have 
their effect upon final density and size. 


Press Stroke Limits Length of Parts 


Press stroke also poses certain broad limitations as to 
part size. The compression ratio between the volume of 
powder in a die before and after pressing is dependent 
upon loading weight, particle size, form and composition, 
metal hardness, and pressure utilized. With most com- 
mon metals and alloys this ratio is usually 3-to-1, but may 
vary from 5-to-1 up to 10-to-1 with fine powders and 2- 
to-1 up to 4-to-1 with medium-size powders. Coarse par- 
ticles are seldom used except in special cases. Combined 
with the compression ratio is the additional general limita- 
tion that diameter-to-length ratio of parts be restricted to 
a maximum of 3 to 1. 

Size of parts handled in presses up to 75-ton capacity, 
which are widely available, runs up to about 5 inches in 
diameter and 6 inches in length. Generally, however, 
cylindrical bearings up to 18 inches in diameter weighing 
some 233 pounds have been produced in quantity and, 


- Where economical, this can be increased to around 36 


inches in diameter. Bronze plates 20 inches by 30 inches 
by l-inch thickness also have been produced. 

Owing to the speed of the operations in producing 
parts from powders, quantities which make economically 
available the advantages possible by means of this process 
are necessarily high. Volumes ordinarily may run from 
500 pieces and up in some few special cases but ordinarily 
will start at about 5000 with 20,000 to 50,000 pieces and 
up being a good economical range. Where few parts are 
required, these should be machined from cored or solid 
bar stock if design permits.‘ High cost of powders, from 
8 cents to about $1.00 per pound, and normal die costs, 
although not usually excessive—about $150 for small, 
simple parts to perhaps $1800 or more for large or com- 
plicated ones—naturally preclude the production of but 
few parts much the same as in the other high-production 
processes. Ordinarily an average die will produce 50,000 
pieces before wear necessitates refitting or replacement. 
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Fig. 4—Left—Limitations on large, 
abrupt changes in cross-sectional 
area are based mainly upon non- 
uniform changes in sintering which hae 


may cause considerable warpage 


/, j Fig. 5 — Right — Sharp corners on 


flange intersections should be ¢ 
avoided to obviate weakness and 
production problems 
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To properly assess the advantages which give powder 
metallurgy its greatest value as a production method, it 
should not be considered generally as a competitor of 
other methods. Competition on an even basis with other 
methods may even be unwise; powder metallurgy should 
yield a distinct contribution, and should be considered pri- 
marily for parts which either cannot be produced by other 
methods at all or which cannot be produced economically, 
Fig. 2. In general, a few of these specific applications 
are: (1) Production of solid ingots or parts from highly 
refractory metals such as tungsten, tantalum, columbium, 
and molybdenum which cannot be fused commercially in 
available furnaces; (2) parts from several materials of 
civergent characteristics, and which do not alloy in the 
molten state, including metallics, intermetallics and non- 
metallics, which combine to give a product which retains 
each material’s desired characteristics; (3) precise dimen- 
sion parts so hard or brittle as to preclude any other means 
of shaping; (4) parts with characteristics unobtainable by 
other methods, such as controlled porosity, extremely high 
density, frictional characteristics, controlled inductance, 
etc.; (5) laminated parts with more intimate binding than 
possible by conventional means; and (6) precision parts 
which can be produced more economically by powder 
metallurgy than by any other method primarily by elim- 
ination of further finishing operations. 


Hot Pressing Widens Scope 


Where the ordinary procedure for handling powder 
metal parts does not result in a satisfactory density or 
pressures required are extremely high, hot pressing can 
often be utilized. In this method, the powders are heated 
in the dies and pressure applied to form the part. The 
hot pressing method yields high and nearly ideal density 
and greater strergth at relatively low pressures. Carbide 
parts up to 100 square inches in cross section, greatest di- 
mension of which can be 18-inches, with a length of 8 
inches have been produced by hot pressing, especially 
parts too large for regular cold pressing and sintering and 
thin-wall parts that tend to go out-of-round. Long car- 
bide bars are normally extruded. 

Ordinarily, to obtain desirable density and precision, 
parts of materials other than carbides are coined or sized 
after sintering but naturally this adds to the cost. Com- 
pacts up to 10 square inches in cross section are readily 
coined in hydraulic presses at a rate of about 4 to 6 pieces 
per minute with hand feeding and up to 10 per minute 
with automatic feeding. Generally dies will produce 100,- 
000 to 200,000 pieces before refinishing is necessary and 
may produce up to 1,000,000 pieces before replacement. 

Desicn: As with other production processes, econom- 
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Fig. 6—Parts pressed 
with a radius on the 
punch should be de- 
signed to have a 
small land to avoid 
premature tool 
breakage 
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Fig. 7—An approximate design for spherical surfaces per- 
mits simplified tooling and extends tool life considerably 








Original part 


Redesigned . 











Fig. 8 — Above — Narrow radial 

splines should be avoided to guard 

against poor density and weak 
punch design 


Fig. 9—Right—Slots, grooves, blind 
holes, keys, etc., are particularly 
economical in relation to similar 
characteristics produced by other 
processing methods 
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ically sound désign of parts demands consideration and 
adherence to certain inherent limitations present. It must 
be remembered that normally metal powders lack plastic 
flow when subjected to pressure and specially those with 
a high flow factor—that is, slow flow—make even filling 
of a die difficult and give rise to bridging, especially with 
narrow sections, with resultant wide variations in density. 
Consequently, limitations of form are inherent in design of 
powder metal parts; it is impossible to press powder into 
re-entrant angles, sharp corners or undercuts, Fig. 3. 

Reliefs, undercuts, etc., on either the inside or outside 
of a part are beyond the capabilities of present-day equip- 
ment, and although much study has been given this prob- 
lem, equipment necessary is economically unfavorable. 
Ordinarily pressure cannot be applied from the sides but 
only from the top and bottom of a die so such features 
which cannot be built into the upper and lower punches 
cannot be employed. This eliminates internal or external 
threads as well as holes or bosses normal to the axis of 
pressing and such features, if required, must be produced 
by a secondary machining operation. 

Owing to the almost negligible flow of the powders, 
large and abrupt changes in section or thickness as well 
2s unsymmetrical cross sections should be avoided to guard 
against variations during sintering, Fig. 4. Sharp corners 
at points of intersection are detrimental, a minimum radius 
fillet of 0.010 to 0.015-inch should always be specified on 
internal corners, Fig. 5. Again, however, too large a fillet 
also causes some difficulty. All corners should be beveled 
0.010 to 0.015-inch minimum, to avoid formation of flash 
or fins but bevels should not be too large to obviate 
punches with fragile, feather edges. Parts with a radius 
should have a small land at the edge to avoid the same 
characteristic, Fig. 6. It is well to remember, though, 
such curved designs, Fig. 6, are particularly difficult to 
handle inasmuch as they require considerable loose powder 
and plastic How. Where spherical portions are employed, 
an approximate design is preferable to increase tool life 
and simplify tool design, Fig. 7. 

Parts with radial projections and recessions, Fig. 8, must 
be carefully designed to avoid bridging of the powder fill 
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across narrow splines which gives rise to density variation, 
weakness and ejection difficulties. Too, parts having nar- 
row splines may result in early die breakage owing to the 
high pressures usually involved and consequently the de- 
signer should always strive to assure maximum possible 
punch sections for greatest die life. In addition, when- 
ever part tolerances permit, taper of cavity side walls from 
0.0005-inch per inch and up should be allowed to reduce 
ejection difficulties. 

As a general rule, parts in which axial variations— 
bosses, projections, recesses, etc.—are not greater than %4 
the overall iength of the body of the part are practical 
and considered “naturals” for this process. The primary 
reason for this is that such parts can be produced by a 
single upper punch with sufficiently uniform density to 
satisty general requirements. Where variation is greater 
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Fig. 10—Above—Minor design alterations, b or c, permit 
economical production of blind holes 





Dia. too small, not enough 
stock for punch Fig. 11—Left—Steps 
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Fig. 12—Below—Tapered holes require a small cylindrical 
land approximately as shown to protect the punch 
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1/16-inch or greater; 


than %, the mechanical; compensation of multiple or tele- 
scoping compound punches is necessary to maintain the 
average compression ratio of 8-to-1. Cost, of course, for 
such tools is much greater. Slots, grooves, blind holes, 
and other irregularities are easily obtainable, Fig. 9, but 
wherever possible the sides should have a draft allowance 
of approximately 0.008-inch per inch, Fig. 5. Hole depth 
cen be held the same as in drilling but a smaller included 
angle at the botiem should be allowed, say 90 degrees, or 
a rounded punch tip, Fig. 10. Also, a draft allowance of 
0.001-inch per inch minimum in such cases should be al- 
lowed whenever possible. 

Where stepped shoulders are contemplated, each step 
preferably should be at least %-inch greater in diameter 
than the body or preceding step, Fig. 11. The same holds 
for counterbores. Tapered holes are also easy to produce 
but the small end should be made cylindrical for a length 
of at least 1/32-inch to prevent the top punch from con- 
tacting the taper on the core rod of the die setup, Fig. 12. 

Length of parts should be comparable to the cross-sec- 
tional area, overlong sections exhibit low density at central 
positions or at the bottom (when produced with only one 
punch). Ordinarily, with cylindrical sections, it is well to 
avoid a length-to-diameter ratio greater than 3 to 1. Wall 
thickness should be as great as practicable and seldom 
less than 0.062-inch because thin walls reduce the length- 
to-diameter ratio necessarily to about 1 to 1. In general 
practice, a minimum wall of 0.050-inch is recommended 
for cylindrical sections up to 0.750-inch and proportionally 
greater as diameter increases. Ordinarily, production has 
been confined to parts with not over 8 square inches of 
section area and $ inches in length in the direction of 
pressing. Parts 12 inches in diameter by 9 inches in 
length, however, have been made although the press stroke 
for such parts is great and not generally available. 

Although flat sections as thin as 0.015-inch have been 
pressed successfully, coining is usually necessary to obtain 
the required density. Recommended practice is to limit 
flat sections to a minimum of 0.032-inch wherever pos- 
sible. Thin flanges as well as extremely large diameter 
flanges on parts also should be avoided, Fig. 5. 


Inserts Not Usually Practical 


Parts which can be hot pressed will be free from many 
of the design restrictions normally encountered with ordi- 
nary cold pressing and sintering. However, inasmuch as 
this is relatively new and not widely available designs 
should be discussed with the producer before completion. 
As a rule, inserts should be separate; such cannet often 
be pressed in during the processing. Too, many of the 
foregoing design limitations can be overcome by resorting 
to impregnated iron or steel materials. Pressing pres- 
sures are only moderate, also much larger and more com- 
plex parts can be produced with physical properties com- 
parable to~ordinary plain, heat-treated or case-hardened 
steels. Parts produced run from 3 ounces to as much as 
20 pounds and from a design standpoint this particular 
method of processing offers considerable flexibility. Com- 
pound parts can be produced readily by utilizing the cop- 
per impregnating operation to braze two or more sintered- 
steel pieces together to form one high-strength complex 
part not economically possible by other means. : 

To effect maximum economy designs should be pos- 
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sible to complete in the dies. The more additional ma- 
chining operations necessary, the less favorable will be the 
economies, Fig. 13. 

For carbide bushings a wall thickness approximately 15 
to 25 per cent of the diameter usually is most economical. 
Cost of making thin-wall parts is greater than the saving 
in material. On thin strips a proportion of length-to- 
thickness between 8-to-1 and 12-to-1 is usually most eco- 
nomical. Beyond this point cost of manufacture increases 
rapidly. Presintered parts can be machined into a wide 
variety of shapes and forms prior to final sintering. 

MATERIALS: A wide variety of materials is available in 
powder form for use in producing parts. Most common 
are probably bronze, tin, brass, copper, iron, iron alloys, 
steel, carbides, and aluminum. Beryllium, stainless steel, 
copper-nicke! alloys, tungsten, molybdenum, tantalum, 
zine, and in fact almost any of a wide variety of the com- 
mon alloys are available. In addition, of course, are the 
nenmetallics such as silicon and graphite. 

Powders having particles over 100 mesh or 150 microns 
in diameter are rarely used. Generally, the range of 
particle sizes is always below 150 microns and upward 
of 50 per cent of the powder will be below 45 microns. 
Powders behave very differently, even when of the same 


press and may require an annealing operation. 

Production powder-metal parts generally have relatively 
low elongation, tensile strength, and impact strength when 
compared to similar parts made from cast, forged or 
wrought materials. For most applications this is not a 
handicap and properties available are sufficient. Indica- 
tions are that before long equivalent properties will be 
available and at present this is the case with copper-im- 
pregnated iron pressings. The average values shown in 
the table of general physical properties for some of the 
sintered powder compacts indicate what can be expected. 

As previously mentioned, hot pressing achieves optimum 
rhysical properties from the materials pressed and especial- 
ly so where work hardening, poor flow or hardness is 
present. Impregnating porous presintered steel compacts 
achieves optimum density with low-pressure pressing and 
is ideal especially for larger parts and those too compli- 
cated to produce in one pressing. Naturally, small parts 
present a handling problem and seldom offer reasonable 
economy compared to simple pressing and sintering. 

Aluminum has been used most generally for bearings. 
Demand for machine parts, however, has been somewhat 
limited. Beryllium has also been employed for small ma- 
chine parts; the various brasses and bronzes for bearings, 





filters and screens in addition to a wide variety of machine 
parts; copper and copper alloys for corrosion-resistant 
parts, filters, screens, friction disks, etc.; iron in combina- 
tion with aluminum, nickel and cobalt for magnets and 


material, so uniformity of mix is essential for uniform 
characteristics of parts. Hard powders are difficult to 
press while soft powders are much easier to handle. 
Powders which work harden also are more difficult to 

















































































































TYPICAL AVERAGE PHYSICAL PRC PERTIES OF POWDER METAL PARTS e 
Composition Tensile Str. |Yield Str.| Elongation Density Porosity Brinell 

Material (per cent) Condition (psi) (psi) (% in 2”) (gm/cc) (% by Vol) servo 
Low-Tia Broare 95 Cu-5 Sn Fully Anmealed 35,000 18,000 17 8 Sess: su 
Low-Tim Bronze 95 Cu-5 Sn Work-Hardened 37,000 30,000 eae Sears” opr Bis Ve ae 
High-Tin Bronze * 90 Cu-10 Sn Fully Annealed | 35,000 | 22,000 12 Sa ie ee A ee, Gis 
High-Tia Bronse 90 Cu-10 Sn Work-Hardened 38,000 32,000 | 35 79 | | BRR Saale 
Bearing Bronze 90 Cu-10 Sn Low Strength 10,500 8,000 art Ty Rar pag § 
Bearing Bronze 90 Cu-10 Sn Standard 14,000 ~ 11,000 6.2 4 eas hig a, 
Bearing Bronze 90 Cu-10 Sn High Strength 16,500 15,000 ee UF 6.7 ame eee cs 
Copper Sintered 19,900-22,700 se ee 7.6 ees leas 
Copper Hot Pressed 42,600-49,700 10-20 8.9 (420-150 
Low Carbon Steel .20-.30 C Fully Annealed 38,000 28,000 | 8 7 ES 
Low Carbon Steel -20-.30 C Work-Hardened 44,000 - $8 7 80 
Low Carbon Steel -20-.30 C Heat Treated 55,000 i 1.0 7 250 7 
Sted-Cu Impregnated | 35 Cu. min) Presintered & Imp 70-100,000 i 7.8 4 (max) 135-245 | 
Steel-Cu Impregnated | 35 Cu. (min) Case carb., quenched | 120-160,000 an 7.8 4 (max) 477-601 

and tempered 
Stecl-Cu Impregnated | 35 Cu. (min) | Precip. Hardened 130-185,000 5-3 7.8 4 (max) 276-427 
and tempered 
High Carbon Steel 87 C Water quenched and 152,000 | 132,000 4, ee 
e drawn 

Electrolytic Iron Pure Pressed & Sintered 33,000 15,200 20 7.40 ia oa 
Electrolytic Iron Pure . Repressed 43,000 40,400 ya 7.5 7.55 ; 83 rae 
Bearing Iron 90 Fe-10 Cu Low Strength 12,000 21,000 2 BG 5 34 ioc: amas 
Bearing Iron 90 Fe-10 Cu Standard 16,000 om |... | £4 |cmewe, pete | 
Bearing Iron 90 Fe-10 Cu High Strength 20,000 36,000 | ay C—O 
Parts Iron 75 Fe-25 Cu 40,000 50,000 | car. oe a ee 
Heavy Alloy 90 W-5 Cu-5 Ni | Pressed & Sintered 86,000 ays os Tit aaa quae’: ay tine 
Tungsten Carbide 80 WC-20 Co 350,000" | 550,000t | 13.55 | ~+'| Rock A84.5-87. 
Tungsten Carbide 97 WC-3 Co 170,000* | 850,000t | ss |. | Rook asae a 



































®*Transverse Rupture Strength in psi. +Compressive Strength in psi. 
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pure for machine parts, magnetic cores, radio and elec- 
tronic parts, etc.; heavy metal for radium containers, in 
rotors of gyroscopes and as counterweights in machines. 

The various irons and steels can usually be handled 
much the same as ordinary parts as far as heat treating, 
case hardening, hardening, tempering, and drawing are 
concerned. It is well to remember, though, some of the 
accuracy inherent in the process may be sacrificed on such 
treatment. Copper-impregnated iron and steel parts can 
also be precipitation hardened. 

Porosity of the various materials can be accurately con- 
trolled in production and can usually be varied from about 
5 to 50 per cent. 

TOLERANCES: Inasmuch as the economy factor of 
powder metallurgy is directly influenced by the tolerances 
to be met, these should be as liberal as possible to extend 
normal die life to the maximum. Ordinarily, on parts 
merely pressed and sintered, it is possible to hold radial 
dimensions to plus or minus 0.0015 to 0.002-inch per 
inch, providing sections are fairly uniform and shape not 
too complicated. Length tolerances—along axis of press- 
ing—on small pieces can be held to plus or minus 0.002- 
inch, plus or minus 0.005-inch up to about 1% inches of 
length, plus or minus 0.0075-inch up to about 3 inches, 
and plus or minus 0.010-inch on longer parts. Flange 
thicknesses can also be held to these length tolerances. 
Standard concentricity tolerances for sleeves and bearings 
is normally 0.003-inch total indicator reading below 1.5- 
inch bore. 9.004-inch to 38-inch bore and 0.006-inch over 
8-inch bores. 

Closer tolerances can be held by sizing or coining at 
additional expense. Plus or minus 0.0005-inch per inch 
normal to the axis of pressing can be held. Concentricity 
tolerances can be reduced to 0.002-inch total and occa- 
sionally to 0.001l-inch. Length of parts can be held to 
similarly closer tolerances also by a coining operation. 

For maximum economy parts should be specified to 
finish toleraces available from the sintering operation or 
greater, if at all possible, since machining of powder metal 
parts, though sometimes performed, is not recommended. 
On secondary operations such as drilling and tapping of 
holes, threading, addition of features impossible to press, 
etc., the ordinary machining tolerances apply. 
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Surface finish tolérances of parts in the as-sintered form 
should be accepted wherever possible to achieve maxi- 
mum economy. Finish in the as-sintered form is unusually 
smooth and shiny, Fig. 14, and excepting those cases 
where impregnants are used, some degree of porosity 
usually exists but is not detrimental to operation or service. 
In fact, the value of this characteristic for lubrication pur- 
poses is perhaps the best-known feature of the powder 
metallurgy process. Where coining is employed as a final 
operation surface finish is excellent and porosity hardly 
discernible. 


Collaboration of the following organizations in the prep- 
aration of this article is acknowledged with much appreciation: 


Amplex Div., Chrysler Corp. (Figs. 1, 2, and 9) ..... Detroit 
American Electro Metal Corp. 

CI oo CALS 5 5'5 ELS BN 50s» te Yonkers, N. Y. 
Bound Brook Oil-Less Bearing Co. ..... Bound Brook, N. J. 
I No 1 oie Sb es 9a wos ots a6 op amin os Detroit 
Johnson Bronze Co. (Fig. 14) ............ New Castle, Pa. 
Mime MRR ST. 132051 e is old os ais db che ele a _- Latrobe, Pa. 
Keystone Carbon Co. Inc, ..............-. Saint Marys, Pa. 
Moraine Products Div., General Motors Corp, 


EOP 0 SERA rey eee Dayton, Ohio 
Presmet Corp. (Figs. 5, 6, 8, 11, and 12) ...Worcester, Mass. 
Wel-Met Co. (Fig. Be oe a ce Kent, Ohio 





Fig. 13—Above—Combination face 
cam of iron produced complete by 
powder metallurgy would present 
considerable difficulty when made 
in quantity by other methods 


Fig. 14—Left—Ideal for odd shapes, 
powder metallurgy produces a 
highly satisfactory surface finish 
with precision that eliminates all 
finish machining operations 
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Universal 
Control of 
Induction 


Heater 


By Austin B. Shields 


Research Engineer 
Tocco Division 
The Ohio Crankshaft Co., Cleveland 


RIOR TO development of the progres- 

sive heating fixture shown in Fig. 1, it 

was necessary in induction heating to de- 
sign a special control each time an additional 
cam on a camshaft, or an additional bearing 
surface on a driveshaft, was to be hardened. 
Then too, many of the fixtures were hydraulic- 
ally operated and would not consistently re- 
peat themselves when water pressure varied. 
An expensive pressure control system was 
required to insure consistent performance. 

Since the heat control, quench control, and 
the timer were electrically operated on the 
former hydraulic fixtures, it was logical to 
consider an electrical drive for the vertival 
motion when designing a new fixture. Be- 
cause adjustable speed control, speed switch- 
ing, rapid acceleration, deceleration, and re- 
versing were necessary, an electronic motor 
drive was chosen. 

The unit consists of a control cabinet, a pro- 
gressive heating fixture and an operator’s pushbutton sta- 
tion. A general view of the fixture is shown in Fig. 1, 
while a schematic of the general arrangement and control 
scheme is shown in Fig. 2. 

The sequence control timer, located in the cabinet, 
controls the heat, quench, travel, and delay of travel. The 
operator's set-up panel contains the necessary set-up 
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Fig. 1—General view of progressive heating fixture which automatic- 
ally cycles and controls induction heating operations 


switches to enable the operator to choose the automatic 
sequence control cycle which he desires to use. The set-up 
panel also contains three speed-control potentiometers. 
One of these determines the carriage travel in the upward 
direction and the other two control the speed in the down- 
ward direction. 

The electronic motor drive unit utilizes standard thy- 


147 





ratrons and vacuum tubes, and it operates with an ac 
input delivering controlled de to the fixture drive motor. 
Incorporated in this unit is a current-limiting circuit which 
keeps the drive motor armature current within a safe 
value for all conditions of motor loading, even when 
stalled. The electronic motor drive unit also includes a 
speed-regulating circuit which automatically holds the 
main drive motor to its pre-set speed, without the use of 
a pilot tachometer. Dynamic braking is also included to 
produce rapid deceleration of the carriage motion. The 
control relays are utilized in a special “memory” circuit 
which enables the unit to function for any number of 
spots or sections to be hardened. All components in the 
control cabinet have been mounted so that they are 
easily accessible’ for servicing, with the main panel of the 
electronic motor drive unit and the control relay panel 
being mounted on hinges so that they can be readily 
swung out of the cabinet. 

The progressive heating fixture consists of a movable 
carriage which slides on three supporting posts and a lift- 
screw central to these posts driven by a de motor through 
a pulley and belt arrangement. A cam rack is mounted on 
the carriage and the associated limit switches are mounted 
on the fixture’s frame. A rotation motor and its drive 
mechanism can be attached to the carriage for rotating 
the piece being treated in applications where rotation is 
desirable. An outlet is provided near the top of the fixture 
for connecting the rotation motor which is started and 
stopped automatically. 

The operator’s pushbutton station is connected to the 
fixture and contains only two buttons for “start” and 
“stop”. All functions of the fixture can be initiated and 
stopped by these two buttons. On jobs set up for auto- 
matic operations, it is only necessary to operate the 
“start” button, because the fixture is self-recycling. 

Change from one complete sequence to an entirely 
different sequence can be effected in a few minutes. The 
progressive heating fixture can be quickly disconnected 


Cantro! cabinet 


] 


Pa I 
mo ge 


' \Operatrs 
set-up 


aeatl Control relays 
JA / 


if 





{48 





from the control cabinet since all connections are made 
through a compact 26-pole plug. When desired, all con- 
nections to the control cabinet can be made through 
plugs, thus enabling it to be moved readily from one work 
station to another. 

Located on the operator’s set-up panel is a “heat” 
switch. This has been provided so that the operator, when 
setting up a job, can put it through its entire sequence 
with the exception of closing the heat contactor. After 
the set-up is completed and the switch setting is in the 
“on” position, the heat contactor will be closed automatic- 
ally at the proper time. The drive motor is protected by 
a current-limiting circuit which keeps the current within a 
safe value for all conditions of motor loading. Further, 
there is a thermal overload which will open after a short 
time if the motor is left in a stalled condition. 

Spot hardening applications, such as surface-hardening 
cams on a camshaft, can readily be handled. Electrically 
there is no limit to the number of spots which can be 
heated on any one piece. The piece to be treated can be 
loaded either above or below the inductor. It moves into 
the inductor, motion stops, heat is applied, and the 
quench is applied. The carriage then moves the piece 
so that the next spot to be treated is inside the inductor 
and the same procedure is repeated. 

In special spot hardening of gears or pinions, the gear 
is moved down into the inductor and heat is applied. The 
gear is then lowered rapidly into a quenching medium for 
a definite period of time and then withdrawn to its initial 
loading position. Durations of time that the heat is ap- 
plied and that the gear spends in the quenching medium 
are adjustable and are controlled by the sequence control 
timer. 

In progressive hardening applications, such as the sur- 
face hardening of bearing areas on a driveshaft, the 
piece is moved into the inductor and the heat and quench 
applied while the piece is in downward motion. In other 
words, the heating and hardening are done progressively. 


we — Progressive 
heating fixture 


Fig. 2—Block diagram of pro- 
Jt gressive heating fixture and 
NE ame controls, showing primary 
—t machine units employed 
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Designer Deserves Tangible Recognition 


In his preoccupation with the absorbing problems of his profession 
the designer has unwittingly allowed others to reap rewards which his 
work has made possible, while neglecting to see that his own labors are 
justly recognized. 

The machine designer carries a heavy burden of responsibility. Con- 
fidence in the success of his design may result in the expenditure of huge 
sums of money not only for plant, equipment, materials, and labor but also 
for advertising, selling, merchandising, and other costs connected with dis- 
tribution. Nowhere along this complex line from designer’s brain to ulti- 
mate consumer are the decisions of any individual more far-reaching than 
those made by the designer himself. Yet the key personnel handling cer- 
tain phases of distribution receive substantial percentages of the business 
done, in the form of commissions, etc., while the designer must be content 
with a fixed, sometimes inadequate, salary and often does not even re- 
ceive the royalties from patents covering his inventions. 

The unfairness of this situation has long been recognized by design- 
ers but apparently is rarely acknowledged by those in a position to remedy 
it. .With collective action the theme of the day it would seem natural for 
designers to unite in attempting to improve their economic status. Instead of 
indulging in pressure tactics, however, they would serve their interests better 
by adopting a more professional approach. Here is a great opportunity 
for the engineering societies to assume leadership by establishing codes of 
fair practices that would form the basis for employment agreements involv- 
ing engineering personnel. Such agreements should recognize the right 
of the engineer to a proportionate reward for invention, whether patented 
or not, and to a share of the profits resulting from his creation of a com- 
mercially successful design. 

If engineers were to back their societies to the limit in such a project, 
the moral force would be overwhelming and the adoption of such a code 
would be assured. Before this can happen, however, many engineers will 
have to shake off their skeptical attitude toward their own professional 
organizations. Instead they should be considering how best they can con- 
tribute toward the effectiveness of their societies so that these organizations 
may become truly representative of the profession. 
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Featuring representative out- 
standing machine tools such 
as will be demonstrated at the 








a. e—Tray-Top Centilathe by Cincinnati 
Lathe & Tool Co. has splined leadscrew 
which serves. both as leadscrew and feed 
rod. Speed changes are obtained by a 
three-lever shifting arrangement in which all 
three levers operate on a common center 
with a direct-reading speed dial. Only two 
additional change gears are required to 

chase metric threads 


Right—Electric feed drive has been adopted for con- 
trol of tool feeds on Cleveland Automatic Machine 
company’s “AB’ Dialmatic single-spindle full-auto 
matic screw machine. Drive consists 
of motor-generator set, dc rheostat 

and rotary selector switch 
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Left—Baker Model 60-HO 
duty single-spindle hydraulic feed yates 
machine has extra large diameter spindle 
driven by enveloping Cone-Drive type 
gearing. Provision is made for pick-off, 
gears in combination with sliding gear in 4 
head giving two quick 
changes in speed. Use of 
two-speed motor makes four 
speed changes available 





Right above—Model 1L saddle fine turret lati 

excellence in styling plus ready accessibility of all adjustments, 

such as those for clutches, main drive motor, V-belt, spindle brake, 

etc. Machine also features a hydraulic spindle-speed selector and 
single-dial feed change 
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1947 Machine Tool Show, 
Dodge-Chicago plant, Sep- 
tember 17 through 26 





Lett, below—-Shaper by The Smith & Mills Co 
incorporates slotless-type ram which can be 
positioned while in motion or at rest. Auto- 
matic pressure lubrication is used 
throughout and controls are cen- 
tralized to provide quick access 

for machine operator 


i above--Built in 36 and 48"inch stroke sizes, the Hy- 
*) Draulic slotter, produced by Rockford’ Machine Tool Co., 
NM tieeticoas high ram speeds, infinite speed adjustment and 
hydraulic feeds. Ram may be set for 
travel in tilted plane at any angle 
from vertical to 10 degrees off vertical 
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Right — Patented counter- 
balancing mechanism in 
aaa 25-ton Speedmaster die- 

se ing machine makes pos- 

sible jop-speed operation ‘without bolting machine to floor. 
Machine drive is from variable-speed transmission through 
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pneumatically actuated friction clutch which is electrically 
controlled from panel. Mfr: The Henry and Wright Migu 











Above—Automatic Hob Shifter on 
Barber-Colman's Type V_ hobbing 
machine automatically shifts hob to 
new cutting position after each cut- 
ting cycle. Shifter is actuated by 
same hydraulic oil that powers the 
machine cutting cycle 















Left—Gisholt Machine company’s crankshaft turn- 
miller simultaneously turn mills all crankpins, and 
faces adjacent cheeks and counterweights on a crank- 
shaft to a finish ready for grinding. Headstock cams. 

hydraulically control movements of milling cut-- 
ters, each of which is driven by 25-hp motor 












Right—Michigan Tool company’s Model 870-A 
Underpass crossed-axis rotary gear finisher 
permits gear finishing by the underpass, trans- 
verse and traverpass methods. Speed re- 
ducer in head is Cone-Drive geared 30 to 1 
for the slide movement 











Below—Special crankshaft drilling machine by 
The Avey Drilling Machine Co. consists of two 
bases, each mounting three Aveydraulic deep-- 
hole drilling units, all six of which are driven 
_. by a single Vickers pump (at rear of machine). 
Drilling units incorporate controls to automati- 
cally withdraw drills for chip clearance 














Left — Automatic electric 
system for selecting and 
controlling speeds and 
feeds is incorporated in 
Monarch Machine Tool 
company’s Speedi-Mat- 
ic hand screw machine. 
— Stepless range of spin- : 
& dle speeds, forward and .~ 
® reverse, is 50 to 5000 rpm 
























DESIGNS OF THE MONTH 


Right—Planetary gear shaper em- 
ploys large gap-type cutter 
around which the work planets. 
Cutter reciprocates but does not 
rotate. Work is held on individual 
work-spindles carried in rotating 
turret. Mir: The Fellows Gear 
Shaper Co. 
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Below—In Bullard’s Model 30 
Man-Au-Trol. Horizontal Lathe, 
tools are mounted in vertical 
plane on slide to rear of the verti- 
cal plane in which the three 
spindles operate. Sixteen 

feeds from. 0.0003 to 
0.0156, with 40 speeds 

from. 50 to 1200 rpm are » 
provided along with semi-: 
automatic, loading and" - 
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Below—Five-spindle bar 
and chucking automatic 
employs quadrant link- 
age for cross and longi- 
tudinal feeds instead of con- 
ventional cams; four cross- 
slides, each with micrometer 
adjustment. Single spindle 
control and indexing cutout 
are’‘employed to expedite 
setting up of job: Mfr: The 
mer: Swasey Coy, 


Left—Developed for grind- 

ing spherical, conical ond 
cylindrical surfaces of smalig 
parts, this universal oscillating 
grinder by The Gear Grinding 
Machine Co. employs work 
table which can be oscillat 
by hand through 180 di 
or power oscillat 

through 90 degre 














Meteworthey Fterta 


Comp.ete RELEASE of all hydraulic fluid from both 
lines of any branch in a system is accomplished auto- 
matically by a novel valve assigned to Adel Precision 
Products Corp. by Arthur A. Bell under patent 2,417,231. 
Particularly intended for hydraulic motion transmitting 
systems of the closed-circuit type, the valve automatically 
frees the master unit completely to allow manual opera- 
tion without opposition in the event either supply line 
of the system is ruptured. In the event of a broken line, 
the greater pressure in the remaining line often would, of 
course, create an undesirable movement of the slave 
unit. However, the valve covered in this patent, auto- 
matically on a drop in pressure, permits the fluid of this 
line to flow into the ruptured line to achieve freedom 
necessary for manual control. 


LarceE AND VARIABLE SPEED CHANGES are ac- 
commodated by the hydraulic turbine type torque con- 
verter and fluid coupling, detailed in patent 2,416,948, 
while delivering substantially constant power. Assigned 
to Northrup Aircraft, Inc. by V. H. Pavlecka, the device 
is particularly suited for use on gas-turbine powered air- 
craft using counter-rotating propellers. Fluid circulates 
through the housing in substantially radial planes and 
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rows of reaction turbine blades, attached alternately to 
the turbine wheels, are pivoted to allow variation of their 
angle of attack during operation. An arcuate piston and 
piston chamber, which rotates with each turbine wheel, 
is connected through linkages to the blades so that by 
varying the pressure within the piston chamber the blade 
angles may be varied to permit the turbine to operate 
at increasing speed with increasing altitude and simul- 
taneously permit the propellers to operate at decreasing 
speed. Efficiency is nearly constant over the entire speed 
range and is equal to or better than that of conventional 
systems, while weight is considerably less. 


CoompensATION FOR EXPANSION and contraction 
of fluid due to temperature or leakage as well as protection 
against pinch or similar damage to the synthetic dia- 
phragm is the purpose of an unusual pneumatic accumu- 
lator covered in patent 2,417,256. Assigned to Adel Preci- 
sion Products Corp. by A. E. Kremiller, the unit utilizes a 
low-temperature grease cushion to support the diaphragm 
and maintain pressure between it and a floating dual 
piston. Each of the two equal chambers of the unit con- 
nects to one line of the system, specifically the closed, 
manually operated and remote control type for operating 


engine throttles, control levers, etc. Included in the de- 


sign is an indicator, magnetically operated from the iron 
floating piston, to show the extent of the compensating 
action being affected by the unit. 


D irect-current self-synchronous servo system 
which obviates the difficulties previously encountered with 
such units having brushes, commutators and sliding con- 
tacts is outlined in patent 2,415,985 assigned to Bendix 
Aviation Corp. by P. F. Bechberger and W. A. Reichel. 
Brushless, this direct-current transmitter achieves the 
necessary sensitivity for transmission of accurate signals 
by employing conductor elements of bismuth whose 
electrical ‘resistance varies in the presence of a magnetic 
field. Currents flowing through each of the stator resis- 
tors, with normal conditions, are all equal. Under in- 
fluence of movement of the permanent-magnet rotor, 
however, the resistor values change, and likewise change 
the currents flowing to the receiver windings in the same 
amount thus exerting torque upon the receiver rotor 
until it moves into exact agreement with the position 
of the transmitter rotor. 


’ 
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-Nomograph Simplifies 


Planetary Gear Calculations 


By Alexander Cowie 


Foote Bros. Gear & Machine Corp. 
Chicago 


N A SIMPLE planetary or epicyclic gear train, con- 
sisting of internal gear, sun gear and planet arm, the 
speed relations between any two of the elements 

when the third element is stationary are well known. 
When the third element rotates (e.g., in variable-speed 
drives) the method of determining the speed relations is 
not so well known, but may readily be found from the 
chart on the following page. It can be shown that 


eee OF (1) 
— R+1 R+1 > 2 OOP 0.6 0 0 6 6.6 © 66 0:0 6:4 9 6 0 00. 0'e © OS OLS \ 
ET EE! Se pe ees ae Na en eg (2) 

R+1 Ss 
Gu —A i SESS (3) 


where A = speed of planet arm, S = speed of sun gear, 
G = speed of internal gear, all in rpm, and R = gear 
ratio = satio of number of teeth in internal gear to that in 
sun gear. If A = 0, Equation 2 gives S = —RG, which 
is the obvious relation for a simple gear train. If G = 0 
in Equation 2,S = (R + 1)A, which is the well-known 
relation for a planetary train with the internal gear fixed. 
When S = 0 in Equation 1 A = RG/(R + 1), which ap- 
plies to a planetary train with a fixed sun gear. 

In order to construct a nomographic chart for the graph- 
ical solution of the foregoing equations, the S and G scales 
(dimensionally equal) are first drawn parallel and at a 
distance apart equal to the full width of the chart. The 
A scale is located between the S and G scales, the exact 
position being determined by the gear ratio R. Thus, 


when A = 0 Equation 2 gives S = —RG, and if R = 2, 
for example, S = —2G. Selecting points on both the S 
and G scales having this relation (e.g.,S = 10,G = —5) 


and joining them with a straight line, this line will cut the 
—0 line at the point where the A scale is located for this 
particular gear ratio. That the dimensions of the A scale 
will be the same as both the S and G scales can be verified 
by letting G = 0 in Equation 1. Then A = S/3 and a 
line from 0 on the G scale to 3 on the S scale will pass 
through 1 on the A scale. This point is the same distance 
above the 0—0 base line as 1 on both the S and G scales. 
To locate the A scale for any gear ratio R, select points 
on the S and G scales such that S = —RG and connect 
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when R = 


them with a straight line intersecting the 0—0 base line. 
The chart is useful for the sclution of problems of the 
following types: 


1. Knowing the gear ratio and the speed and direction of 
rotation of any two of the elements, to determine the 
speed and direction of rotation of the third element 


to 


. Knowing the gear ratio and the speed and direction 
of rotation of one element (say S), to determine the 
speed ard direction of rotation required for the second 
element (say G) in order that the third element (A) 
may be made to satisfy certain speed requirements 

3. Knowing the speed and direction of rotation of any 

two elements (say S and G) to determine the effect of 

variations in the gear ratio on the required speed of 
the third element. 


Problems of each type are illustrated by the following 
examples. On the chart, each of the scales is numbered 
from —10 to +10. For speeds numerically greater than 
10, the given speeds are first reduced so that the highest 
speed is within the scale range by dividing by 10, 100, 
1000, etc. 


EXAMPLE 1 (Type 1): Given S = +3000 rpm, A = 
—20 rpm, R =: 3, to find G. Dividing by 1000,S = +8, 
A = -—0.02. From +3 on the S scale draw a line to 
—0.02 on the A scale for R = 3. This line produced cuts 
the G scale at --1 plus. Then G = — 1000 plus, the cor- 
rect value, from formula, being — 1027. Thus even when 
the speeds are considerably different in magnitude, the 
chart gives reasonably accurate results. 


EXAMPLE 2 (Typr 2): Given S = +2000 rpm, R = 
4, and A varies from +1000 to — 1000 rpm, to find the 
range of speed required on G. Dividing by 1000, S = 
+2, A = +1 to —1.A line from +2 on S through +1 
on A for R = 4 cuts G at +0.75. Line through —1 on 
A cuts G at — 1.75. Then the speed range required on G 
= +750 to —1750 rpm. 


ExAMPLe 3 (Type 3): Given S = +400 rpm, C = 
— 200 rpm, to find the speed of A for different gear ratios. 
Dividing by 100,S = +4,G = —2. Draw a line from 
+4 on the S scale to —2 on the G scale. Observe where 
this line cuts the A scales for various values of R. Thus, 
1.5, A = +0.4 or +40 rpm 

R= 2,A=0 

R= 8 ,Az= —05o0r —50 rpm 
R= 5 ,A= —lor —100 rpm 
R=10 , A= —1.45 or —145 rpm 

Illustrated on the chart itself is a fourth example, show- 
ing how the appropriate point is located on the A—R field 
of the diagram. 
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Divide rpm by 1000 
fo use scales, therefore 
S=#2 A=—/ 
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Join +2 on § ‘scale to —/ on A 
scale for R=3. Read -2 onG 
scale. Then G= — 2000 rpm 
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Standard Steels 





Wrought AISI Types 
PART | 


KEY FACTS ABOUT ALL STEELS 


Tensile strength always is approximately 590 times the 
Brinell hardness number, irrespective of composition or 
heat treatment 


Modulus of elasticity of all steels and regardless of hard- 
ness is for all practical purposes the same—about 30,000,- 
000 psi 

All steels of any given type, when full hardened and tem- 
pered, have substantially identical relationship between 
Brinell hardness, yield point, tensile strength, reduction 
of area, and elongation 


In the fuliy hardened and tempered state, hardness is al- 
ways dependent on carbon content, not on the quantity or 
number of alloys used in the composition 


Depth to which all steels will harden depends on carbon 
content and alloying constituents 


Primary difference between the straight-carbon and the 
alloy steels lies in the depth to which they will harden. 
Carbon steels are shallow hardening. All alloy steels 
harden more deeply than do carbon steels; how much 
more deeply depends on alloy constituency 


End-quench hardenability bands reveal: Relationship be- 
tween cooling rates used in quenching a given steel and 
hardnesses resulting therefrom throughout the structure 
of shapes the cooling rates of which are known. (From 
these hardness data and standard charted curves, the 
tensile strength, yield point, reduction of area and elonga- 
tion of the various shapes can be approximated) 


End-quench hardenability bands do not reveal: Corrosion 
resistance, machinability, weldability, forgeability, tem- 
perature resistance (high or low), wear resistance or dis- 
tortion in heat treatment. 





STEELS COVERED 


(AISI NUMBERS) 


C 1005 C 1036 C 1071 C1115 
C 1006 C 1038 C 1074 C1116 
C 1008 C 1089 C 1075 C1117 
C 1010 C 1040 C 1078 C1118 
C 1012 C 1041 C 1080 C1119 
C 1013 C 1042 C 1084 C 1120 
C1015 _C 1043 C 1085 C 1125 
C 1016 C 1045 C 1090 C 1126 
C1017 - C 1046 C 1095 C 1187 
C.1018 C 1050 B 1006 C 11388 
C1019 C 1051 B 1010 C 1140 
C 1020 C 1052 D 1049 C1141 
C 1021 C 1054 D 1054 C 1144 
C 1022 C 1055 D 1059 C1145 
C 102+ C 105? D 1064 C114. 
C 1024 C 1059 D 1069 C1151 
C 1025 C 1060 D 1075 Bl1l1ll 
C 1026 C 1061 C 1106 B 1112 
C 1027 C 1062 C 1108 B 11138 
C 1028 C 1064 C 1109 1320 
C 1029 C 1065 C1110 1321 
C 1030 C 1066 : C1iil 1330 
C 1033 C 1069 C1118 1335 
C 1034 C 1070 C1114 1840 
C 1085 


2317 4037 4620 6120 8735 
2330 4042 E 4620 6145 8740 
2335 4047 X 4620 E 6150 8742 
2340 4053 4621 6152 8745 
2345 4063 4640 8615 8747 
E 2F12 4068 E 4640 8617 8750 
2515 4130 4812 8620 9255 
E 2517 E 4132 4815 8622 9260 
8115 E 4135 4817 8625 9261 
$120 4137 4820 8627 9262 
3130 E 4137 5045 8630 E 9310 
8135 4140 5046 8632 E 9315 
8140 4142 5120 8635 E 9317 
$141 4145 5130 8637 9437 
$145 4147 5132 8640 9440 
$150 4150 5135 8641 9442 
E 3310 4317 5140 8642 9445 
E 3316 4320 5145 8645 9747 
4017 E 4337 5147 8647 9763 
4023 E 4340 5150 8650 9840 
4024 4340 5152 8653 9845 
4027 4608 E 50100 8655 9850 
4028 4615 E 51100 8660 
4032 E 4617 E 52100 8720 


Note: Last two digits of all numbers indicate the approximate carbon content of the steel (for example, Cc 1026 has a carbon content of about 0.26 per 
cent). In conjunction with the curves of Fig. 6, this data may be used to determine the hardness obtainable in a given steel. 


CHARACTERISTICS 


It has been definitely established that all steels, irrespective 
of their chemical compositions, if through-hardened and 
tempered to identical hardness, will have, for all practical 
purposes, the same tensile strength, yield strength, elongation 


and reduction of area. This being the case, why use alloy steels 
at all? The answer lies in the ability of alloy steels to quench- 
harden to greater depths than carbon steels. That is to say, in 
thin sections such as 3/16-inch, carbon steel may be quenched 


MacuinE Desicn is pleased to acknowledge the collaboration of the following organizations in this presentation: American Iron 
and Steel Institute; Battelle Memorial Institute; Bethlehem Steel Co.; Bliss & Laughlin, Inc.; Carnegie-Illinois Steel Corp.; General 
Motors Corp., Research Laboratories Division; Republic Steel Corp.; Joseph T. Ryerson & Son, Inc.; and Society of Automotive 


Engineers, Inc. 
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STANDARD STEELS 





e 


to fully as high hardness and strength as any alloy steel in the 
same size. But, in larger sections, such as l-inch diameter, 
carbon steels cannot be hardened beyond a depth of per- 
haps 3/16-inch, so that the core remains unhardened and 
therefore not very strong. On the other hand, many alloy steels 
can be through-hardened in 1-inch sections and some of them 
in considerably heavier sections. Thus it is not higher hardness, 
but greater depth of hardening which accounts for the higher 
strength of pieces of substantial size when made of an alloy 
steel rather than a carbon steel. 

The standard steels may be divided into two classes com- 
prising: (1) Carburizing steels, which contain up to about 
0.25 per cent carbon, and (2) oil and water-hardening steels, 
which contain from about 0.25 to 0.50 per cent carbon. In 
general, the carburizing steels are used where a hard, wear- 
resistant surface is required together with maximum toughness 
and resistance to shock. The oil and water-hardening steels 
frequently are used with machining performed after heat treat- 
ment to provide smooth, bright, scale-free surfaces, with accur- 
acy of dimensions in the finished parts. 


FATIGUE STRENGTH 


As is generally recognized, failures of machine parts in ser- 
vice are almost always attributable to fatigue or wear. Both 
these sources of failure are surface phenomena, being depen- 
dent on surface smoothness and hardness, Under ideal con- 
ditions (mirror surfaces and no stress raisers) fatigue strength 
averages roughly 50 per cent of tensile strength. Naturally, in- 
asmuch as tensile strength increases proportionately with hard- 
ness, fatigue strength (under ideal conditions) is highest for 
steels which are highly hardened. However, since sensitivity to 
stress raisers increases with hardness, and since complete ab- 
sence of stress raisers is never attained, hardness speci- 
fications for parts subject to high fatigue loading must 
be a compromise. The curves of Fig. 1 show endurance limit 


50% ratio 
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Fig. 1—Relationship of endurance limit to tensile strength 


for all steels having various surface conditions 
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(fatigue strength) as related to tensile strength for parts hav- 
ing various surface conditions. Endurance limit can be en- 
hanced appreciably by burnishing part surfaces with pressure 
rollers or by shot peening. 


IMPACT STRENGTH 


While impact values (Charpy and Izod) for various steels 
are listed in pumerous handbooks and other literature, they 
are not directly usable in terms of foot-pounds because im- 
pact strength, or shock resistance, varies with size of section. 
Such¢ values are merely general criteria for comparing the 
shock. resistance of §§arious steels. All rolled or drawn steels 
have greater impact strength in the longitudinal direction— 
in which the standard tests are made—than in the transverse 
direction. Thus the standard impact tests conducted on notched 
specimens give only a rough indication of shock strength— 
nothing more. In general, fine-grain steels have higher impact 
strength than coarse-grain steels. Experience shows that when 
alloy steel parts require high shock resistance, it is wise not io 
temper them at temperatures between 450 and 700 F because 
impact strength drops off in this range, Of course ductility is 
highest when tempering temperatures above 700 F, rather than 
below 450 F are employed. 


WEAR RESISTANCE 


This is almost entirely a matter of surface hardness. The 
harder the surface the greater its resistance to wear. Since 
the hardness of all steels is dependent on carbon content, 
where good wear resistance is required the surface layer of the 
part must have high carbon content. Depending on require- 
ments of the part other than wear resistance, high hardness 
may be obtained in a low-carbon steel (either straight-carbon 
or alloy type) by case hardening, or in a high-carbon steel 
(either straight-carbon or alloy type) by quenching and 
tempering. Thus, for wear resistance alone, any steel can, by 
appropriate treatment, be made sufficiently hard at its surface 
to serve the purpose. Selection, therefore, must be based on 
other factors such as strength requirements, corrosion resistance, 
high or low temperature properties, etc., depending on the 
application. 


PROPERTIES OF STEELS 
AS HOT-ROLLED AND COLD-DRAWN 


A wide variety of machine parts do not require the high 
strength available from steels in the case-hardened or quenched 
and tempered conditions. Many screws, bolts, nuts, gears, 
shafts, pins, links, structural members, cover plates, mounting 
brackets, studs, etc., fall into this category. For such parts, 
the plain carbon steels, the bessemer, screw steels and the 
carbon-manganese steels in the hot-rolled or cold-drawn con- 
dition are adequate. Average properties of the standard steels 
in these conditions are listed in TaBLE I. The values are offered 
only as a general guide to assist in selection and should not 
be usea as a basis for specification. 

Hot-rolled bars are available annealed, stress-relief annealed, 
machine cut or machine straightened, and surfaces may be 
specified “as-rolled” or “pickled.” Pickling, of course, removes 
surface scale. Generally, hot-rolled bars are used for parts 
whose surface appearance and accuracy of size and section are 
not important, and where either little or no machining 
is required, Hot-rolled bars usually are not suitable for screw- 
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TABLE I—AVERAGE PROPERTIES, HOT-ROLLED AND COLD-DRAWN* 


Tensile Yield Elong. Red. Hardness 
Strength Point (per cent of area Rock- 
AISI No. Condition (psi) (psi) in 2 in.) (per cent) Brinell well C 
C1010 Natural hottolled ............0% 51,000 29,1000 88 70 101 af 
eS SS re ee 56,000 33,000 35 65 1138 
C 1015 Natural hot-rolled .............. 65,000 40,000 82 65 137 
SS le ae a 67,000 43,000 30 62 148 
C 1020 Natural hot-rolled .............. 67,000 45,000 82 65 137 
re ae ies 69,000 48,000 30 63 143 
C 1022 Natural hot-rolied ..........;.. 69,000 47,000 30 58 143 
ee SS oe eee 78,000 53,000 23 54 163 
C 1030 Natural hot-rolled .............. 75,000 46,000 29 58 156 ws 
eS aR een ee eee Sa 85,000 72,000 20 47 179 8 
C 1085 Natural hot-rolled .............. 88,000 55,000 30 56 179 10 
rere ee ee 92,000 59,000 25 50 200 12 
C 1040 Natural] hot-rolled .............. 93,000 58,000 27 52 190 - 9 
eS ere eee 100,000 64,000 22 46 221 19 
C 1045 Natural hot-rolled .............. 99,000 60,000 24 47 200 12 
ee eee ee 110,000 69,000 ‘19 41 235 21 
C 1055 Hot-rolled, annealed ............ 95,000 59,000 25 52 197 14 
C 1064 Hot-rolled, annealed ............ 100,000 60,000 22 50 212 17 
C 1080 Hot-rolled, annealed ............ 103,000 62,000 22 48 217 18 
C 1095 Hot-rolled, annealed ............ 106,000 60,000 23 47 201 12 
B 1111 Natural hot-rolled .............. 67,000 40,000 27 47 140 - 
Be TETRA, ooo ins a i ie 80,000 62,500 16 43 170 6 
De Be MN ook oss os list cas 83,000 73,000 15 45 180 8 
Cl ER ie ee moos io cbs dace 91,000 77,000 13 40 187 9 
C 1117 Natural hot-tolled .............. 71,000 45,000 28 52 185 yr 
NI oan pbs eben 82,000 63,000 18 44 162 
C 1118 Natural hot-rolled .............. 76,000 49.000 24 50 153 a 
ES 82) a ou akc aeons oak 89,000 69,000 16 40 179 8 
C 1132 Natural hot-rolled .............. 90,000 56,000 22 40 179 8 
Pe ON oe Ce cone 100,000 75,000 16 35 207 16 
C 1187 Natural hot-rolled .............. 92,000 60,900 20 35 185 9 
ES ES, Sn ee te ed 105,000 80,000 15 30 212 15 
A 2317 Natural hot-rolled .............. 85,000 56,000 29 60 163 ae 
‘ NS PS Pere cee ree 95,000 75,000 25 58 197 12 
A 2330 Natural hot-rolled .............. 98,000 65,000 25 50 207 16 
CE cota s tele es 110,000 90,000 17 47 235 22 
A 2340 Natural hot-rclled .............. 110,000 80,000 22 47 225 19 
Annealed & cold drawn ......... 115,000 90,000 21 48 235 21 
A 2515 Natural hot-rolled .............. 92,000 69,000 27 67 179 8 
RE og oe area cog 103,000 75,000 24 62 207 16 
A $115 Natural hot-rolled .............. 75,000 60,000 30 65 151 ee 
GN Wop 5G owt SS eo olkle 95,000 70,000 20 53 201 12 
A 3180 Natural hot-rolled .............. 100,000 72,000 24 55 212 15 
IN oof 5 foo asus ereceo ores a 105,000 85,000 18 * 48 223 19 
A 3135 Hot-rolled, annealed ............ 96,000 64.090 26 56 195 12 
Annealed & cold-drawn ......... 115,000 98,000 17 45 248 24 
A 3141 Hot-rolled, annealed ............ 100,000 68,000 24 54 207 16 
Annealed & cold-drawn ......... 118,000 100,000 17 44 248 24 
A 3145 Hot-rolled, annealed ............ 104,000 73,000 19 51 229 21 
Annealed & cold-drawn ......... 123,000 95,000 14 33 269 27 
A 3240 Hot-rolled, annealed ............ 107,000 75,000 23 57 197 13 
A 4119 Natural hot-rolled .............. 91,000 52,000 28 62 179 “ 
Se ee eee 97,000 63,000 21 51 207 a 
A 41380 Hot-rolled, annealed -............ 89,000 60,000 32 65 179 7 
Anriealed & cold-drawn ......... 112,000 78,000 18 47 241 23 
E 4137 Hot-rolled, annealed ............ 90,000 63.060 27 58 187 12 
Annealed & cold-drawn ......... 114,000 90,000 18 50 241 23 
E 4150 Hot-rolled, annealed ............ 105,000 71,000 21 54 220 20 
Annealed & cold-drawn ......... 124,000 100,000 16 48 269 27 
A 4820 Natural hot-rolled .............. 87,000 59,000 30 60 179 10 
Cold-drawn ....... Gd ak bu Bh ua wdce 99,000 65,000 23 54 207 16 
E 4337 Hot-rolled. annealed ............ 115,000 95,000 18 45 235 21 
A 4615 . Natural hot-rolled .............. 82,000 55,000 30 61 167 4 
ERS SORA Re ere 98,000 70,000 18 55 203 14 
A 4640 Hot-rolled, annealed ............ 100,000 87,000 21 50 201 12 
Annealed & cold-drawn ......... 126,000 7 000 14 39 269 27 
A 4815 Natural hot-rolled .............. 105,000 73,000 24 58 212 15 
Seen oe a ene go 110,000 78,000 23 55 217 17 
A 5120 Natural hot-rolled .............. 73,000 55,000 82 67 143 as 
eS SR ES oe any Wiha 82,000 60,000 25 58 163 6 
A 5150 Hot-rolled, annealed ............ 103,000 68,000 22 57 201 12 
IN 2 es whe niu as eae SS 115,000 77,000 18 52 248 24 
E 52100 Hot-rolled, annealed ............ 109,000 80,000 25 57 235 22 
E 6150 Hot-rolled, annealed ............ 103,000 70,000 27 51 217 18 
Annealed & cold-drawn ......... 118,000 94,000 20 43 255 25 
/. fe. © Bee ieetevs errr ey 7 135,000 90,000 19 40 269 27 
A 9260 Hot-roiled, annealed ............ 142,000 92,000 18 38 802 $1 


Note: Standard steels with AISI numbers close to those listed will heve average properties approximating those of the closely similar steel. 
*From Metals and Alloys Data Book, Pages 29-34, 1943, Reinhold | ublishing Corp. 
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machine work because they generally require that special 
collets be used due to stock size and shape variations. 

Cold-drawn bars are produced by cold-drawing scale-free 
hot-rolled bars through suitable hardened dies, decreases in 
section size being effected for each pass through the dies. Cold- 
drawn bars are available as-drawn to standard and special 
shapes, turned and polished, turned and ground, and cold- 
drawn and ground. Cold-drawing produces substantially de- 
fect-free, smooth, bright-surfaced bars of accurate size and 
concentricity, improved machinability, and heightened ten- 
sile, yield, fatiguesand hardness values. Increases in tensile 
strength due to cold-drawing may range from 15 to 60 per cent, 
and increases in yield strength may range from 50 to 150 
per cent, depending on the steel, its hot-rolled condition, and 
the degree- of size reduction effected during cold drawing. 
Along with increases in tensile and yield strength, there will, 
of course, be proportionate increases in hardness and decreases 
in elongation and reduction of area. Generally, as cold-drawn 
steel ages, its tensile and yield strengths improve slightly and 
its elongation and reduction of area increase appreciably. 


PROPERTIES OF STEELS 
WHEN HARDENED AND TEMPERED 


Inasmuch as tensile strength, yield strength and reduction 
of area are dependent upon hardness, regardless, of the com- 
position of a steel, data on these properties for all standard 
steels may most conveniently be presented in charts. These 
data*, Figs. 2, 3 and 4, apply to all steels having carbon con- 
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Fig. 2--Relationship of tensile strength to hardness. Ten- 
sile strength averages about 500 times Brinell number 


tents from 0.30 to 0.50 per cent in AISI series 1000, 1100, 
1300, 2300, 3100, 3200, 4100, 4300, 4600, 5100, and 6100. 

TENSILE STRENGTH CHART: The fixed relationship between 
hardness and tensile strength is shown by the narrow curve- 
band of Fig. 2. This relationship applies to steels in the 
hardened and tempered, as-rolled, annealed and normalized 
conditions. 





* SAE Handbook, 1946. 
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YrELD STRENGTH CHART: The curve-band of Fig. 3 shows 
the fixed relationship of yield-strength range and hardness. 
The values apply to steels as quenched and tempered. 

REDUCTION oF AREA CHanT: Fixed relationship between re- 
duction-of-area range and hardness is shown in Fig. 4. It will 
be seen that for a given hardness, reduction of area is higher 
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Fig. 3—Above—Relationship of yield point and tensile 
strength for quenched and tempered steels. Solid curve 
shows normal expectancy. Dotted lines show range 
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Fig. 4—Relationship of reduction of area to hardness 
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for alloy steels than for plain carbon steels, This probably is 
merely because the plain carbon steel in the size tested did not 
harden clear through. 


TEMPERED-HARDNESS 
TO STRENGTH RELATIONSHIP 


Steels of comparable carbon content, regardless of alloy con- 
tent, when fully hardened and then tempered to the same hard- 
ness, will have substantially the same tensile and yield strengths. 
This relationship is indicated by the curves of Fig. 5. These 
data apply to steels having carbon content between 0.30 and 
0.50 per cent and of the AISI series 1000, 1100, 1300, 2300, 
3100, 3200, 4100, 4300, 4600, 5100, and 6100. 


HARDNESS OBTAINABLE 


Magnitude of hardness obtainable in all steels is dependent 
on carbon content, not on the quantity or number of alloys used 
in the steel. The relationship between carbon content and 
hardness obtainable is shown by the curves of Fig. 6. 


HARDENABILITY 


A steel might have a carbon content sufficient to permit 
requisite hardness and yet not harden fully if the rate at which 
it is cooled during quenching is not fast enough. When a piece 
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of hot steel is thrust into a quenching bath of water, brine or 
oil, the rate at which it cools is, obviously, fastest near and at 
its surface and slowest at its center. Since straight carbon steels 
require a faster rate of cooling to develop full hardness than do 
alloy steels, the depth to which they will harden upon quench- 
ing will not be as great as for the alloy steels. In other words, 
they do not possess as high a degree of hardenability as the 
alloy steels. While all alloy steels will harden to a greater depth 
than plain carbon steels, their hardenability will vary, depend- 
ing on their alloy constituency. ’ 


HOW HARDENABILITY IS DETERMINED 


Determination of what hardnesses will exist throughout a 
section of a given alloy steel upon quenching is effected by 
means of the Jominy end-quench hardenability test. In this 
test, a sample piece of steel l-inch in diameter by 4 inches 
long is heated to the proper quenching temperature and placed 
in a quenching fixture, Fig. 7. A jet of water of standard 
volume, pressure and temperature is directed against the bot- 
tom end of the sample and contacts only the end surface. 

Thermal conductivity is substantially the same for all steels 
and the rates at which the sample piece will cool over its 
length during the Jominy test are known. Obviously cooling 
will be most rapid at the bottom end and slowest toward the 
top end. Also, since degree of hardness is dependent on cooling 
rate, the sample will be hardest at the quenched end and 
softest at the top end. Actual cooling rates are given in 1/16- 


TABLE II—BOLTING AND SHAFTING STEELS* 
(average properties) 


Tensile Yield Elong. Reduction Brinell 
Strength Strength  in2 Inches of Area Hardness ASTM 
(min, psi) (min, psi) (min, %) (min, %) (approx) Range AISI Grades Condition® * Spec. 
60,000 83,000 22 50 148 All diam C1019; C1020 HR AR A-7-42 
70,000 40,000 21 47 183 All diam C1035 HR AR estos 
80,000 50,000 20 45 187 All diam C1042; C1045 HR AR 
‘90,000 65,000 20 50 180-240 Over 4 in. A8642; A8742; A4140 QT 
95,000 70,000 20 50 190-250 4 in. and A8642; A8742; A4140 QT A-193-45-T 
under A$140; A2340 Grade BA 
100,000 75,000 16 45 200-260 2 in. and C1042; C1045 QT A-261-44-T 
under Grade BO 
100,000 75,000 20 50 210-270 4-7 in. A8642; A8742; A4140; QT 
A8140; A2340 
105,000 80,000 20 50 210-270 4 in. and A8642; A8742; A4140; QT A-198-45-T 
under A3140; A23840 Grade BB 
105,000 85,000 17 55 220-280 2%-4 in. A8642; A4140; A3$140; QT A-198-45-T 
A8742; A2340 Gr. B7 & B12 
105,000 90,000 17 55 220-280 2% in. and A8642; A4140; A3140; QT A-193-45-T 
under A8742; A2340 Gr. B7 & B12 
110,000 85,000 16 45 250-320 Over 4 in. A8650; A8750; A4150: 
A4140; A4340 
110,000 90,000 17 50 260-320 2%-4 in. A8642; A8742; A4140 QT A-193-45-T 
A8140; A2340 Gr. B7 & B12 
115,000 95,000 17 50 260-320 2% and A8642; A8742; A4140; QT A-193-45-T 
under A$140; A2340 Gr. B7 & B12 
115,000 95,000 16 55 269-321 2%-4 in. A8642; A8742; A4140; QT A-193-45-T 
. A8140; A2340 Gr. B7 & B12 
125,000 105,000 16 50 269-321 2% in. and A8642; A8742; A4140; QT A-193-45-T 
under A8140; A2340 Gr. B7 & B12 
125,000 105,000 16 50 260-320 2% in. and A8642; A8742; A4140; QT A-193-45-T 
under A8140; A2340; A4340 Gr. BC & B4. 
125,000 100,000 15 45 260-320 Over 4 in. A8650; A4150; A4350 OT 
135,000 115,000 15 50 240-340 2% in. and A8642; A8742; A4140; QT A-193-45-T 
under A8140; A2340 Gr. B7 
135,000 115,000 15 45 290-340 21%4-5 in. A8650; A4150; A6145; QT A-193-45-T 
A4340 Gr. B4 
135,000 115,000 15 45 290-340 Over 5 in. A4840; A4150 QT 
145,000 120,000 14 45 310-860 2% in. and A8650; A8750; A4150; QT 
under A6145; A4340 
145,000 120,000 14 45 810-360 2%-6 in A4150; A4340 QT 
155,000 130,000 14 45 320-380 2%-4 in A4340 QT A-193-45-T Gr. B4 
160,000 135,000 14 45 320-380 2% in. and A43840; A4150 QT A-193-45-T Gr. B4 
under 








*From “Alloy Steel Reference Book”, Joseph T. Ryerson & Son Inc., 1947. 


** HR—Hot rolled; QT—Quenched and tempered; AR—As rolled. 
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inch intervals at the tops of the graphs, Figs. 8a and 8b. 
With the cooling rates known, it remains to determine what 
hardnesses are effected in the steel at these various rates. 
Starting at the quenched end of the sample, Rockwell C 
hardness readings are taken at 1/16-inch intervals for a dis- 
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Fig. 5—Relationship between hardness and tempering tem- 
perature of carbon and alloy steels 


tance of two inches. These hardness values then are plotted on 
the graph and a curve drawn such as that marked “as 
quenched” in Fig. 9. 

The curves in Figs. 8a and 8b show cooling rates in steel 
bars 1 to 4 inches in diameter, at the surface, 3/4 radius, 
1/2 radius, and center when quenched in still water (Fig. 8a) 
and still oil (Fig. 8b). These rates, of course, are the same for 
all steels. 

Inasmuch as the cooling rates throughout round bars are 


known (Figs. 8a and 8b) and the hardnesses for a given steel 
which result from all commercially used cooling rates can be 
picked off end-quench curves, such as that of Fig. 9, the two 
types of data can readily be correlated to give the hardnesses 
throughout the structures of round bars of steels for which end- 
quench curves are available. Once this is done, all that remains 
is to determine the physical properties throughout the bar, and 
since these are dependent on hardness, they can be picked from 
TaBLE III, which lists the approximate relationships between 
hardness and tensile strength, yield strength, elongation, and 
reduction of area. 

The foregoing procedure has dealt specifically with steels 
in the as-quenched condition, whereas in by far the majority 
of applications alloy steels are employed in the quenched and 
tempered state. To determine the properties of a given steel 
as quenched and tempered, it is necessary to have end- 
quench curves applying to that steel in its as-quenched and 
tempered state (see three lower curves of Fig. 9). To obtain 
the data for these curves, the Jominy end-quench test is 
conducted exactly as already described, with the one excep- 
tion that the sample is tempered after quenching before the 
hardness readings are taken. 

Unfortunately, the end-quench hardenability curve-bands 
published jointly by AISI SAE apply only to steels in the 
as-quenched condition, and it is likely to be some years before 
“standardized” end-quench curves will be available for steels 
as quenched and tempered. Nevertheless, the presently avail- 
able as-quenched curve-bands are of value to the designer 
in that they provide a means by which the hardenability of 
standard steels can be compared quickly when selecting or 
substituting ‘steels for a specific application. 

As soon as the latest hardenability bands are made available 
by American Iron and Steel Institute, they will be published in 
a subsequent Work Sheet, along with information on selection. 
and specification of steels via hardenability. 


APPLICATIONS 


Machine parts listed in the following are indicative of pres- 
ent and past practice in the application of specific types of 
steel, It will be noted that certain parts are made of a number 
of different steels—an indication that for the majority of ma- 
chine parts, any one of a number of steels will prove adequate 
if properly processed and heat treated. In the final analysis, 
selection always should narrow down to that steel which will 
meet design requirements at lowest overall cost. 


TABLE III—PHYSICAL PROPERTIES IN RELATION TO HARDNESS* 


Rockwell Tensile 
io ag Brinell 4 Strength 
Hardness Hardness (psi) 
14 197 93,000-103,000 
16 207 98,000-108,000 
18 217 103,000-114,000 
20 223 106,000-117,000 
22 235 112,000-124,000 
24 248 118,000-131,000 
26 262 124,000-138,000 
28 277 131,000-146,000 
80 293 188,000-154,000 
82 $11 146,000-164,000 
34 821 151,000-170,000 
86 341 160,000-180,000 
88 3863 171,000-193,000 
40 3879 178,000-201,000 
42 401 188,000-222,000 


nen “Alloy Steel Reference Book’, Joseph T. Ryerson & Son, Inc., 


Note: These approximate physical relationships are based on hardness 
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Yield Elongation Reduction 
Point in 2 inches of area 
(psi) (per cent) (per cent) 
69,000- 78,009 22-28 60-68 
73,000- 84,000 21.5-27.5 59-67 
76,000- 90,000 21-27.5 58-66 
79,000- 93,000 20.5-26.8 57.5-65.5 
85,000- 99,000 20-25.5 56.5-64,5. 
92,000-107,000 19.5-24.5 55-63 
99,000-114,000 18.5-24 54-61.5. 
107,000-122,000 18-22.5 52-60 
116,000-131,000 17-22 51-59 
125,000-141,000 16-20.5 49-57 
131,000-146,000 15.5-20 48-56 
141,000-157,000 14.5-18.5 46-54 
153,000-170,000 13.5-17 43.5-51.5 
163,000-179,000 12.5-16 42-50 
176,000-185,000 11-15 40-49 


and apply only to fully quenched and tempered steels. Values listed will’ 
more accurate for alloys of 0.30 per cent carbon and higher, because- 


steels with less than 0.30 per cent carbon usually, have yield points lower 
than those shown. 
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PLAIN CARBON STEELS: 


C 1005-C 1010: Low in tensile and yield strength, but high 
in ductility and softness. Have poor machinability. For thin 
rolled sections or parts fabricated from bars requiring drastic 
cold deformations, or for parts requiring extremely soft, 
ductile cores when case hardened, . 

C 1012-C 1025: These are recognized as the standard 
grades of carburizing steels. Widely used for shafting and for 
semiheavy-duty parts that are cold upset, forged hot or cold, 
or punched. Typical parts are wrist pins, camshafts, drag 
links, clutch fingers, fan blades, welded tubing, etc. Have 
better machinability than steels in the C 1005-C 1010 range, 
but do not deep draw quite as well. 

C 1030: Used for seamless tubing, key stock, shift and 
brake levers, shift forks and rails, brackets, etc. Responds 
better than foregoing steels to heat treatment, thus yields 
better physicals. Machines satisfactorily without annealing or 
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Fig. 6—Relationship between carbon content in a steel 
and hardness to which steel can be quenched 


after simple normalizing. Suitable for case hardening where 
good core hardness ‘is required. 


C 1035-C 1036: For medium-size forgings requiring moder- 
ate physicals. Widely used, in wire and rod form, for cold 
upsetting. Bolts and screws under 3/8-inch diameter should 
not be water-quenched, because of danger of quenching 
fractures. 

C 1040: Commonly used for tubing, crankshafts, connecting 
rods, tubular and solid axles, spring clips, brake levers, anchor 
bolts, studs, etc. Good hardening characteristics (Rockwell 
C 50-61, as quenched), and fair machinability. Care required 
in water quenching small-diameter or thin-sectioned parts. 

C 1045: Used for the larger sizes of forgings such as crank- 
shafts, ring gears, axles and spline shafts. Also some use for 
coil springs. As with C 1040, care is required when water 
quenching small-diameter or thin-sectioned parts. 

C 1050: Used for parts of larger section size than are in- 
dicated for C 1045, 

C 1052: Same as C 1050, but with higher manganese con- 
tent. ° 

C 1055: Widely used for coil springs. 

C 1060: Used for snap rings, lock washers and springs 
(Rockwell C 45 to 50 recommended), spring clips, clutch 
disks, thrust washers, etc. 
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Fig. 7—End-quench hardenability testing fixture 


C 1066: Applicable to coil springs of hard-drawn or oil- 
tempered wire and heat treated springs (Rockwell C 40 to 
48 generally recommended). 

C 1070: Extensively used in cold-rolled or planished form 
for clutch disks, and in agricultural industry for mower sec- 
tions, plow beams, etc. 

C 1080: In the agricultural field for parts such as plow 
shares, twine holders, knotter disks, springs, molds, shovels, 
harrow and plow disks. 

C 1085: Used for bumper bars, lock pins, clutch disks, leaf 
springs, music wire, etc. 

*C 1095: Used for carbon steel balls, pins, keys, bumper 
bars, leaf springs and coil springs. In agricultural field, for 
harrow and seeder disks, seat springs, etc. 


FREE-CUTTING STEELS: 


B 1111: Commonly called bessemer screw stock. Generally 
used for screw machine parts. Has’ excellent machinability. Ex- 
cellent strength in cold-drawn state and may be case hardened. 

B 1112-B 1113: Screw machine stocks having better ma- 
chinability than B 1111, Type B 1113 being the best of the 
three. Heat treatments are not recommended for these 
steels and they should be used only where speed of produc- 
tion and excellent finish are the paramount requirements. 

C 1115: Somewhat inferior to the three steels immediately 
preceding in machinability, but of higher strength and tough- 
ness. Better too, for case-hardened parts and more suitable for 
operations such as bending, swaging, riveting and forming. 

C 1117-C 1118: Used extensively for case-hardened parts 
which require good machinability. For drastic quenching of 
light sections where core toughness is essential, C 1117 is 
preferred. 

C 1182: May be substituted for C 1035 and C 1040 where 
improved machinability, deeper hardening and higher physicals 
are desired. 

C 1187-C 1141: Are primarily oil-hardening steels. Great 
care needed if water quenching is used. Good substitutes for 
C 1045 and C 1050 where improved machinability, deeper 
hardening and higher physicals are desired. 

C 1145: Used for adapters, universal joints, yokes, crank- 
shafts, etc. Substitute for C 1045 where improved ma- 
chinability is desired. 

(Continued on next page) 
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MANGANESE STEELS: 


1320: Carburizing steel used for gears, spline shafts, etc. 
Particularly adapted for direct quenching from gas carburizing 
furnaces. 

1330, 13835, 1840: Used interchangeably with other medium- 
alloy steels of similar carbon content. 


NICKEL STEELS: 

2317: A carburizing steel. Case quenches to file hardness in 
oil; thus water quenching seldom is used. Typical parts are 
lathe collets, feed fingers, etc. 

2330: Typical applications are: Keys, heat treated bolts, 
screws, studs, nuts, levers, etc. Has good machinability and 
offers high strength plus good toughness. 

2340-2345: Highly successful for parts such as propeller 
shafts, spline shafts, axle shafts, etc. Water quenching is 
not recommended. 


5 PER CENT NICKEL STEELS: 


2515: One of most dependable structural steels. Used for 
carburized parts which require exceptionally tough core after 
heat treatment. However, does not offer as high a degree 
of surface hardness as do some other comparable steels. Used 
for cams, heat exchanger tubes, chain pins, gears, etc. 


NICKEL-CHROMIUM STEELS: 

8115-3120: Primarily for carburized parts, but may be 
used quenched and tempered. Used for ring gears and pinions, 
spline shafts and countershafts, transmission gearing, piston 
pins, lathe collets, feed fingers, slush pumps, piston rods, etc. 

3130: Used for cylinder studs, steering arm bolts, keys, 
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Fig. 8a (top)—Cooling rates throughout round bars when 
quenched in still water; 8b (bottom) —cooling rates 
throughout round bars quenched in still oil 
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Fig. 9--Jominy end-quench curves show relationship be- 
tween cooling rates and hardnesses resulting therefrom 
throughout section of given steel 


nuts, connecting rod bolts, etc. For water-quenched parts 
where greater strength and toughness are required than is 
possible with the plain carbon steels. 

8135-3140: For heat-treated structural parts such as crank- 
shafts, axle shafts and spline shafts; links for drive chains, etc. 

3141: Higher chromium and manganese variant of 3140 
having better hardenability. For axle shafts, crankshafts, steer- 
ing knuckles, connecting rods, etc. 

3145-3150: Primarily used for gears of the oil-hardened type 
and for structural parts of heavy section. 

8240: For parts requiring better hardenability than is of- 
fered by other steels of the nickel-chromium type. 

3310: For carburized parts requiring high core toughness 
and strength such as rear axles and heavy duty gears. 


MOLYBDENUM STEELS: 


4023-4032: All steels in this range are carburizing types. 
For differential gears, countershafts, spline shafts, etc. 

4037: May be used for large carburized gears; also ap- 
plicable for certain types of studs and bolts. 

4042: Oil-hardening type used extensively for steering arms, 
cold-headed bolts, studs, etc. 

4047: Used as alternate for 3135, 4640 and 2340. Employed 
for spindles, synchronizing rings and similar applications re- 
quiring the quenched and tempered structure. 

4063: Used for axle shafts, coil springs “and flat or leaf 
springs less than %4-inch thick. 

4068: Applicable for flat springs over %4-inch thick, equal- 
izer bars, etc. 

4130: Used to some extent for axles, steering knuckles, 
steering knuckle arms, connecting rods, etc. 

4140: Extensively used for rear automobile axles, trans- 
mission shafts, aircraft bolts, nuts and studs, crankshafts, con- 
necting rods, spline shafts, jordan bars in paper industry, 
chain links, sprockets, hydraulic pump impellers and piston 
rods, machine too] lead screws, etc. 

4320: A carburizing steel having excellent core strength 
and surface hardness. Used for gears, chain pins, and similar 
high-strength parts. 

4340: Suitable for oil-hardening gears, axle shafts, diesel 
engine crankshafts, and heavy-duty shafting over 2-in. diam. 

4615-4620: Extensively used for carburized gears, shafts 
and other parts requiring high fatigue resistance and tensile 
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TABLE IV—RELATIVE MACHINABILITY OF STEEL AS RELATED TO STRUCTURE AND CARBON CONTENT 


Type of 
Carbon Conditioning Type 
Range Heat Treatment Structure 
"ee Normalize Lamellar 
(0.08-0.30%) and/or with Blocky 
Anneal Ferrite 
Quench and Fine 
Temper® Spheroidite 
Medium........ Anneal Coarse 
(0.30-0.50%) Spheroidite 
Anneal Lamellar 
Quench and Fine 
Temper Spheroidite 
reer Anneal Coarse 
0.50-0.70%) £pheroidite 
Anneal Lamellar 
Quench and Fine 
Temper Spheroidite 











Relative Machinability in 


Broaching 
and Gear 
Turning Forming Drilling Generation 

Good Good Good Good 
Good Good Good Good 
Good Poor Fair Poor 
Fair Good Good Good 
Fair Fair Fair Fair 
Good Good Good Fair 
Fair Poor Poor Fair 
Good Fair Good Good 


* This treatment rarely is applied to low carbon bar stock, but frequently is used to condition forgings. 


This table reproduced *by couttesy of The International Nickel Co. Inc. 


strength. Fine-grained tyzes are excellent where minimum 
distortion is demanded. 

4640: Excellent where parts require high fatigue resistance 
and generally high physicals. Fine-grained types outstanding 
where minimum distortion is demanded. 

4815-4820: Often used interchangeably with 5 per cent nickel 
steel for gears, etc. Also used for steering knuckle pins, roller 
bearings, chain pins and high-strength studs and bolts. Have 
excellent core properties and surface hardness. 


CHROMIUM STEELS: 


5120: Has good hardenability in oil quench. Physical 
properties equal to those of 2317 and 3120 except that it does 
not have the tough fibrous core which characterizes the nickel 
and nickel-chromium steels. Typical parts are piston pins and 
bearing races. 

5140: Used extensively for gears and shafts which are 
hardened by direct cyaniding. Can be employed interchange- 
ably with 2340 and 3140 for heat-treated forgings requiring 
greater strength and toughness than are obtainable in plain 
carbon steel. 

5150: Oil-hardening type of good hardenability used for 
gears, shafts, thrust washers, springs, etc. 

E 52100: Used chiefly for races and balls cr rollers of anti- 
friction bearings. 


CHROMIUM-VANADIUM STEELS: 
E 6150: Used for leaf springs, coil springs, gears, shatts 


and heavy forgings, 
SILICON-MANGANESE STEELS: 

9260: Used principally for leaf springs. General practice 
is to specify manganese on the high side for leaf spring sec- 
tions of %-inch and over, and low and medium manganese for 
sections under 38-inch. 


FABRICATION 
MACHINABILITY: 


This subject is fraught with so many variables that there 
is not yet any standard test acceptable to all authorities. Arbi- 
trarily established ratings often are rendered meaningless by 
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improved machine tool design, cutting-tool designs and ma- 
terials, plus cutting feeds and speeds which prove more ef- 
fective than those considered conventional in material re- 
moval and surface finish. Nevertheless, investigations into 
this confusing subject point to certain factors which appear, 
at this time, to be reliable indicators of machinability. 

It now is recognized that microstructure, not chemical com- 
position, generally determines the relative machinability of 
alloy steels by any given method of machining. Further, no 
one type of microstructure is best for all methods. Tasie IV 
indicates, in general terms, the microstructures which appear 
to ke best suited for various methods of machining. 

Cold-drawn steels generally have better machinability than 
hot-rolled steels of the same analysis. Where permissible, ad- 
dition cf sulphur to a steel during its manufacture results in 
a distribution of insoluble inclusions throughout the structure. 
These mechanically interrupt chip formation and, consequently, 
improve machinability. 


WELDABILITY: 


Gas and arc welding are most commonly employed. Low- 
carbon (under 0.30 per cent), low-alloy steels are best for 
welding because they do not harden appreciably when heated 
and air-cooled, and consequently do not require heating of 
the welded area prior to welding (preheating). Welding of 
high carbon (over 0.30 per cent) high-allcy steels, however, 
generally is not recommended. Where such steels must be 
welded, care should be exercised to retain ductility by pre- 
venting the welded areas from cooling too rapidly. A satis- 
factory way to accomplish this is preheating the metal and 
maintaining the temperature at 400-600 F during welding. 
Then too, the metal should be normalized or annealed im- 
mediately after welding before cooling takes place. Steels of 
the A 2300, A 3100 and A 4100 series are weldable, pro- 
viding the above precautions are practiced. Suitability of a 
steel for welding decreases as its hardenability increases. 

However, recent research shows, that it is the presence of 
hydrogen in the quenched layer which makes the layer exces- 
sively brittle and, in this regard, the hydrogen content of the 
weld-rod coating is a big factor. The low-carbon, nonharden- 
able steels withstand use of high-hydrogen, cellulose-coated 
rods, because there is no hardened layer. Hardenable steels 
upon which low-hydrogen coatings are used, withstand hav- 
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STANDARD STEELS Fi 





TABLE V—COMPARATIVE FORGEABILITY OF STANDARD STEELS 
(based on hot-twist test results) 
(100 = greatest force required; also greatest deformation) 


(2) 

(1) Force-Required- 
Steel To-Deform Ratio 
Gh oo ae hg gagh aide Wako Rnak ya ees 58 
BS oi POG rei a Ce 58 
AER ne et erie ee reais 8 48 
METS Oo See ye eet LM GO eRE Taka 58 
a dicts seater ae cles. be, TRS 58 
SE Foe oss WESC K ss ood oan Ses 61 
DE cid lg gL Wien Jaane oe te he chien of 61 
BE SRI oe Sas dient 61 
LR ete Sree eaten hy ems oe ER 

ESRI sept ER is ao en ae 4 
BES ERT EES i Ral A RAG gi ih oa 64 
Se a ses SE Sy Ce oe 64 
RR NGi ss hee on on Se ake oN) 64 
Des an rena ld ms 8 ae © 64 
RG es Oo ee ear eA ADS ok 64 
ME Poke Sova iGene sala ee 64 
RN de Se ocak t bee. colds ke 67 
I cis ips eg a ae ey wien Pen Ne 67 
EE PT ON, a Se 67 
Ras kG BP LOIOE 2th: pki Lash 71 
Rs as Skereikersibey BAe, 71 
RE RS SS ee 71 
RES rg Sire fae oy gh a hed. ak eae 71 
oe. anil SR SALE IR at I ne a iy 71 
erm as iat. ORR en, 71 
WS cline, Spice « eect esHOISiiile Ie Pau 71 
BE is la DP ates fine anges ha oy 71 
Meee? © Seilp , S eee 75 
IN 5 8, BRP pee lg Cee | tae 76 
tbat etiale liccetabgers ook sate at, 56 5 Epa 76 
PU ee ry eRe. SUES OBES 76 
tot ete Dagens, gore 77 
EE feast Mie cis ants Odes wi dota 77 
Cre re st Re REY Vere e eee 77 
ETS EI SEA Beene te tne ai IOP 82 
NE RASS Nop ee ae nD 100 





(3) (4) 
Magnitude- Max. Recommended (5) ” 
of-Safe- Forging Temp. Forgeability 

Deformation Ratio (deg F) Index 
48 2300 0.83 
52 2300 0.90 
40 2300 0.69 
83 2300 1.43 
73 2250 1.26 
100 2250 1.61 
79 2300 1.30 

" 64 2350 1.05 
57 2300 0.89 
65 2300 1.01 
iz 2250 1.13 
43 2300 0.67 
85 2300 0.55 
55 2200 0.86 
85 2200 0.55 
46 2950 ' 0.72 
51 2250 0.76 
69 2250 1.03 
89 2200 1.33 
64 2300 0.91 
46 2200 0.65 
65 2250 0.91 
43 2250 0.61 
7 2250 1.07 
56 2250 0.79 
56 2250 0.79 
75 2200 1.06 
49 2200 0.65 
49 2250 0.64 
69 2150 0.91 
57 2200 0.75 
51 2150 0.66 
44 2200 0.57 
te 2250 0.94 
48 2100 0.58 
65 2050 0.65 


*® These steels are, on the basis of hot-twist tests, considered to be the most forgeable within their force-rating groups because hey 


offer the greatest amount of deformation per unit of force required to forge. __ 
+ Forgeability Index is equal to the ratio in Column 3 divided by the ratio in Column 2 for any given steel. 


ing the hardened layer because it contains very little hydrogen. 
Heat treated steels seldom are welded because the welding 
heat changes the physical properties imparted by the heat treat- 
ment. 


FORGEABILITY: 


All of the standard steels are forgeable, although some are 
more difficult to forge than others. Power required to forge 
steels generally increases with carbon content, and the greater 
the power required the shorter the forging-die life. As is 
generally recognized, coarse-grained steels are more readily 
forged and are easier on the forging dies than are fine-grained 
steels. 

Indication of the relative power required plus the amount 
to which steels can be deformed without structural damage 
at their optimum forging temperatures is given by C. L. 
Clark* in a series of curves depicting the results of a number 
of hot-twist tests, The comparative ratings listed in TABLE V 
are derived from these curves. 


°C, L. Clark—-“‘Evaluating the Forgeability of Steels” —Timken Roller 
Bearing Co. 
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In using the table, it should be remembered that its basis 
(hot-twist tests) is not claimed to be the final, perfect criterion 
for evaluating forgeability. The table is offered only as an- 
other tool to be used along with others, in particular, experience, 
in the selection of steels for forgings. Viewed in this light, it 
it suggested that selection be conducted as close to the top 
of the table as strength requirements of an application will 
permit. In addition, where feasible, those steels marked with an 
asterisk(*) in the table should be favored, inasmuch as they 
presumably offer the optimum relationships beween force 
required and magnitude of safe deformation (highest forge- 
ability indexes). 


HEAT TREATMENTS 


Steels are hardened by heating to a high temperature fol- 
lowed by rapid cooling. (Cold working also will harden steels 
but, obviously, is not a heat treatment.) The cooling (or quench- 
ing) may be done in air or in a liquid such as water or oil. Steel 
of as-quenched hardness, however, is too hard and brittle for 
most applications and, in addition has within its structure an 
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abundance of internal stresses. By again applying heat, this 
time below the hardening temperature, and allowing the 
metal to cool more slowly than when hardening, brittleness 
and hardness are modified and the internal stresses are re- 
lieved. This second heating and cooling cycle is commonly 
referred to as tempering or drawing. 

Quenching in water or brine tends to accentuate distortion 
and in fact may lead to cracking or spalling in steels containing 
over 0.35 per cent carbon. Oil quenching, being less drastic, 
minimizes these adverse effects and should, therefore, wherever 
practicable, be specified. This is particularly true of parts of 
intricate shape and which have sudden changes of section cross- 
sectional area. 


DESIGNING QUENCHED AND TEMPERED PARTS: 


Filleting of corners should be as generous as part function 
will permit, because sharp corners give rise to stress con- 
centrations and drastically weaken parts. Areas of part sec- 
tions should be designed as closely uniform as is feasible, be- 
cause sudden changes in section tend to produce distortion 
of the part during quenching, It is well to bear’ in mind also, 
that elastic deflection of a given part will be the same re- 
gardless of the type of steel used or its heat treatment. If 
elastic deflection is excessive, only change in design can de- 
crease it; using a different steel or a different heat treatment 
will not help in the least. 


CASE HARDENING: 


All methods of case hardening involve adding carbon or 
nitrogen (or both) at and near the surface of either straight- 
carbon steels or some alloy steels. Generally the steels have 
low or medium carbon content in their normal structure and, 
by adding carbon and/or nitrogen at their surfaces by car- 
burizing or nitriding at high heat (1500 to 1700 F depending 
en the stecl) and then quenching, a shell or case of hardness 
considerably higher than the core is developed. This hard 
case not only has good wear resistance but, since hardness 
means tensile strength, it also adds to the strength of the 
part. 

In specifying depth of case for a machine part, it should 
be borne in mind that the deeper the case the longer the 
time required to produce it, and time costs money. Depth of 
case procurable in eight hours generally ranges from 1/32 to 
1/16 inch. However,.to double this depth, about 24 hours 
would be required. 


ANNEALING: 


While various types of annealing are practiced (full, 
spheroidizing, “bright”, etc.), all constitute heating the steel 
to a high temperature and cooling very slowly. Steels are 
annealed for one or more of the following reasons: 


1. To soften the steel and thus make it easier to ma- 
chine, cold work, form, etc. 


2.. To refine the structure of the steel 
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8. To relieve internal stresses incurred during rolling, 
forming, cold drawing, cold straightening etc. 


NORMALIZING: 


Normalizing is almost the same as annealing, the primary 
difference being that in normalizing the steel is cooled from 
high temperature in still air, whereas in annealing cooling is 
effected more slowly in a furnace or in annealing boxes, Im- 
provement of grain structure is the primary function of 
normalizing. , 


FLAME HARDENING: 


Where localized hardening of parts made of steels having 
carbon content of about 0.45 per cent is required (teeth on 
large gear, for example), flame hardening often may be used 
advantageously. The process consists of moving an oxyacety- 
lene flame along the surface at a rate which insures proper 
heating and immediately quenching with a spray of cold water. 
The resulting “case” of hardened steel thus locally obtained 
may be roughly compared to that obtained in case hardening, 
although the surface hardness may not be as high. 


INDUCTION HARDENING: 


This is similar to flame hardening, except that the source 
of heat is electrical. The part to be hardened is placed manually 
or automatically, in an induction coil through which a high-fre- 
quency alternating current js passed. The part will be heated in 
proportion to the square of the amperage times the resistance 
of the part. Heat will be generated largely on the part surface 
and depth to which heat will be induced will be in inverse 
proportion to the frequency or reversals of current in the coil. 
Thus, for shallow hardening, high frequencies—100,000 to 
800,000 cycles per second—are employed, while for deeper, 
through hardening, lower frequencies—2000 to 20,000 cycles 
per second—are used. 

Immediately after the part has been heated properly it is 
quenched either by a water spray or by dropping into a tank 
containing the quenching medium. When shallow hardening is 
required, carbon steel generally is used. For deeper harden- 
ing, alloy steels must be employed. Induction heating offers 
close control of heating temperature and of heat location, 
and is extremely fast, the entire heating and quenching cycle 
being accomplished in a matter of seconds. It is ideally suited 
to automatic mass production. 


RESISTANCE TO CORROSION 


When uncoated, all of the standard carbon and alloy steels 
will rust in atmospheric, fresh-water, or sea-water exposure. 
While the alloy steels, such as the nickel and nickel-chrom- 
ium types, are more resistant than the plain carbon steels, they 
do rust and are not comparable in corrosion resistance to the 
standard stainless steels or metals such as Monel, nickel-silver, 
copper, brass, etc. Where corrosive conditions exist, the steels 
are best protected” by suitable paints and enamels, or metallic 
coatings such as zinc, tin, cadmium, lead, chromium and 
nickel. 
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To obtain additional information on these new developments see Page 269 


Carbon Ring Oilseal 


SEAL designed for conditions of 
poor lubrication, such as very high 
speed or minimum supply of lubri- 
cant, is designed around entirely 
new principle, completely eliminat- 
ing wear on shaft and the replace- 
ment of grooved shafts. The as- 
sembly, known as the Gits DMC 
and DPC high-speed carbon-faced 
seal, effects a perfect seal against 
leakage of liquids or gases under pressure or vacuum by 
means of a radial seal joint made by positive contact be- 
tween a stationary lapped-seal surface built into the 
unit and a rotating lapped-seal surface. These do not 
contact or wear the shaft surface but transfer the wear 
to the radial seal joint instead. Units are applicable to 
both horizontal and vertical shafts. Manufacturer: Gits 
Bros. Mfg. Co., 1846 S. Kilbourn Ave.,-Chicago 2. 


For further information circle MD 1 on card Page 269 





Variable-Speed Transmissions 
ate SMALL SIZE hydrau- 


lic variable-speed trans- 
mission provides _ infin- 
itely variable speed from 
drive speed forward 
through zero to drive 
speed reverse. Rated at 
one horsepower, 52% 
ip-in torque, the artve is 
an entirely self-contained 
unit and does not re- 
quire any separate oil 
sump or reservoir tank of any kind. The transmission is 
of the multiple-piston, constant-torque type and may be 
furnished with various systems of speed controls, includ- 
ing manual and remote types. The smallest unit in the 
Portman line measures 9% inches high, 11 inches long 
over shafts, and 7 inches Wide. It is identified as model 
T-1. Manufacturer: Portman Machine Tool Co., 70 Port- 
man Road, New Rochelle, N. Y. 


For further information circle MD 2 on card Page 269 








Fractional-Horsepower Motor 


UNIVERSAL MOTOR weighing 14 ounces will pro- 
duce up to 1/20-hp, and 4 oz-in. torque. The type 597 
motors are available in three styles: 1/20, 1/40, and 
1/70-hp for 117 or 6-volt operation and measure 3% by 
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2 7/32 inches. Rated at 4 oz-in. torque at 12,700 rpm, 
the 1/20-hp motor has a 15 oz-in. starting torque and 20,- 
000 rpm no-load speed. Its temperature rise is 56 C on 
oné-hour duty cycle. The 1/40-hp unit is rated 3 oz-in. 
tcrque at 8400 rpm for a 52 C temperature rise on a one- 
hour duty cycle; starting torque is 10 oz-in., and no-load 





speed is 15,000 rpm. 1/70-bp motor, with a 2.5 oz-in. 
torque rating at 5800 rpm, has a 40 C temperature rise. 
Starting torque is 5 oz-in. and no-load speed is 10,000 
rpm. Shaft diameter on all units is %4-inch. Motors are 
recommended for domestic appliance applications, and 
control mechanisms, and various automotive uses. Manu- 
facturer: Fairchild Camera and Instrument Corp., 88-06 
Van Wyck Blvd., Jamaica 1, N. Y. 


For further information circle MD 3 on card Page 269 





Magnetic Relays 


LINE of magnetic general-purpose relays includes 3-am- 
pere contact types available in combinations up to six-pole 
double-throw for low-voltage application, as well as relays 
rated at 12 amperes 115 volts. Units are designed to 
Underwriter’s specifications and cover the field of general 
purpose ac and de magnetic relays. Manufacturer: R-B-M 
Division, Essex Wire Corp., Logansport, Ind. 


For fruther information circle MD 4 on card Page 269 





Check Valve 


EMBODYING no metallic operating parts, new sim- 
plified line of check valves operates on low pressure 
differential, is available in.sizes from 42-inch to 12 inches. 
Units, known as Chexflo, utilize tough, flexible, tubular 
operating member comprised of a thick load-section taper- 
ing down to a sensitive operating lip. They thus re- 
quire little differential pressure to effect positive shut 
off. Synthetic lip freely opens to expand, permitting un- 
restricted streamline flow. Owing to its resilient nature, 
the lip smoothly contracts to close ‘on slack flow, prior to 
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back flow. In open and closed position it is fully sup- 
ported against extreme pressure or intensive impulse 
shocks by the inner walls of the valve body and _ the 
cylindrical acorn-shaped core. As it reaches shut-off 





position, flow velocity increases to flush the seating sur- 
face of any small particles. The resiliency of the flexible 
tube completely absorbs any shock impulses. Manu- 
facturer: Grove Regulator Co., 65th and Hollis Sts., Oak- 
land, Calif. 


For further information circle MD 5 on card Page 269 


Three-Way Control Valve 


AIR-OPERATED _ control 
valve line is recommended for 
diverting or mixing service. 
For diverting, the fluid is 
divided into partial flows of 
varying ratios; for mixing, two 
different fluids are accurately 
proportioned in varying de- 
grees. In both cases the con- 
trol disk provides tight shut 
off in either end position. Unit 
with mid position shut off is 
specified for intermittent ser- 
vice. This special unit controls 
the flow of one fiuid in the 
first part of the control range 
and the flow of the second 
liquid in the remaining part. Mixing of the two fluids is 
avoided by mid position shut off. Specified pressure drop 
remains constant across the valve body regardless of the 
position of the controlling disk. Series of valve plugs are 
available to meet diversified process requirements. Manu- 
facturer: H. Belfield Co., Broad St. at Hamilton, Phila- 
delphia 23. 


For further information circle MD 6 on card Page 269 





Forged Fittings 


LINE OF drop-forged pipe fittings for welded as- 
semblies includes 90 and 45 degree elbows, 180-degree 
return bends, tees, reducers, caps, saddles, crosses, 
etc., in sizes up to 30 inches. Features of the line include 
uniform wall thickness, circularity, full radii, smooth 


walls, and machined bevel ends. Manufacturer: Ladish 


Drop Forge Co., Cudahy, Wisc. 


For further information circle MD 7 on card Page 269 
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Snap-Action Switch 


MINIATURE _ snap-action 
switch of the precision type is 
no larger than a dime. Known 
as the Q-Switch, the unit has 
a high current-carrying capa- 
city and long life and is de- 
signed for applications where 
only a limited space is avail- 
able. Models may be obtained 
in almost any circuit combina- 
tion such as normally-open, normally-closed, single or 
double-throw, or single-pole. Switch is recommended for 
such machines as linotypes, timers, washing machines, 
dispensing machines, and dictating equipment. Manu- 
facturer: Mu-Switch Corp. Inc., Canton, Mass. 

For further information circle MD 8 on card Page 269 





Single-Cylinder Engine 
AIR-COGLED, single-cylinder engine having a four- 
stroke cycle is said to be particularly suited to such appli- 
cations as general utility equipment, compressors, lawn- 
mowers, etc. The 1%2-hp unit is of the L-head type, 





cooled by a blower-style flywheel shrouded to force air 
over the large cooling fins on the cylinder and head. The 
motor, which is known as model AA7, reaches its rated 
horsepower at 2400 rpm. Manufacturer: Continental 
Motors Corp., 12601 E. Jefferson Ave., Detroit 14. 


For further informat ‘on circle MD 9 on card Page 269 


Time-Cycle Controller 
TIME SWITCH for ap- 


pliance control is designed to 
operate on a 24-hour cycle and 
can be set for either repeating 
or nonrepeating 
Capable of handling 750-watt 
lamps, 1000-watt heater ele- 
ments, 3/4-hp repulsion-induc- 
tion, condenser or capacitor 
motors or %-hp_ split-phase 
motors, the timer actuates a 
single-pole single-throw switch. Two simple settings of 
timer are required. The “on” arm on the dial is moved 
to the time the appliance is to ‘start, and the “off” arm 
is set at the time it is to go off. Control face is divided into 


operation. 
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day and night hours with each hour graduated into 
quarters for accurate setting. Unit may be operated manu- 
ally by simple auxiliary switch without disturbing the 
automatic settings. Control measures 4 3/8 inches high, 
3% inches wide and 2 inches deep; requires 115-volt, 60- 
cycle power. Manufacturer: Holcomb & Hoke Mfg. Co. 
Inc., Indianapolis 7. 
For further information circle MD 10 on card Page 269 





Air Valves 


LINE OF hand-operated air 
valves using the balanced-pis- 
ton principle are designed prin- 
cipally for pneumatic cylinder 
control and are provided with 
a 8-position lever. The valves 
are cast aluminum alloy, de- 
signed and manufactured for 
175 psi maximum pressure 
with all inner parts of stainless 
steel and bronze. Manufacturer: Lindberg Engineering 
Co., Air and Hydraulic Division, 2450 W. Hubbard St., 
Chicago 12. 

For further information circle MD 11 on card Page 269 





Circulating Pump 


CENTRIFUGAL circulating OP ge 
pump is provided with oppos- a 
ing inlet and outlet for standard 
125 lb, 2-inch pipe flanges. The 
unit is provided with a driv- 
ing motor direct connected to 
the pump for compactness. 
The motor is a totally enclosed 
type equipped with grease- 
packed, sealed, precision ball 
bearings and no added lubri- 
cation is necessary. Motor 
stator is dynamically balanced 
by Dynetric process to ex- 
tremely close limits, insuring 
vibrationiess and quiet operation. The model 1-B unit 
can be installed on pipe lines of various sizes by use of 
pipe reducers and may be operated in any intermediate 
angle from a vertical to horizontal position.. Manufac- 
turer: The Ruthman Machinery Co., 1811 Reading Rd., 
Cincinnati 2. 
For further information circle MD 12 on card Page 269 








Synchronous Motor 


SELF-STARTING synchronous motors measuring only 
2 by 238 by 1% inches are available in speeds from 1 to 
60 rpm and will produce as much as 10 oz-in. torque at 1 
rpm. The motors, which are designed for operation at 
voltages from 1 to 250 and frequencies from 25 to 120 
cycles, are available for: either clockwise or counterclock- 
wise operation and weigh only 9 oz. Among applications 
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for which the motors are recommended are timers, con- 

trollers, and instrument movements. Manufacturer: Kur- 

man Electronics Corp., 130 Clinton St., Brooklyn 2, N. Y. 
For further information circle MD 13 on card Page 269 


Ten-Horsepower Engine 


TWO-CYLINDER, FOUR-CYCLE ENGINE weighs 
only 97 pounds, yet produces 10 horsepower. The new 
Onan CK engine is an air-cooled heavy-duty unit of 
opposed-piston design in which each cylinder is provided 
with over 340 square inches of cooling surface. Unit is 
of aluminum construction to reduce weight and take ad- 





vantage of increased thermal conductivity. Opposed-cy- 
linder design eliminates interference with cooling-air flow 
making it a cool-running motor. Bearing surfaces have 
been made almost twice as large as comparable units. 
Also available is a direct-connected electric starter-gen- 
erator, built into flywheel greatly reducing the overall size 
of the engine. Manufacturer: D. W. Onan & Sons Inc., 
43 Royalston Ave., Minneapolis. 
For further information circle MD 14 on card Page 269 





Heat-Transfer Unit 


HEAT EXCHANGER known as the Aridizer has been 
brought out by Goodyer Industries, Inc., 224 S. Michigan 
Ave., Chicago 4. In one unit the Aridizer utilizes the 
principle of heat transfer for the heating of air and other 
gases, and superheating of steam. Temperatures up to 
1000 F can be maintained with control of leaving tempera- 
tures held to within plus or minus‘one degree Fahr. Unit 
is small and compact and heating may be effected by Cal- 
rods or oil and gas burning equipment. 

For further information circle MD 15 on card Page 269 





Powder-Metal Bearings 


STANDARD LINE of self-lubricating cylindrical bear- 
ings is designed for automotive, aircraft, machinery and 
appliance applications. Bearings in the standard line are 
bronze, but a new copper-tin-lead alloy is also available 
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BEARINGS 
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B UYERS of all types of equipment are becoming 
more particular. Besides checking the price, they’re asking . . . ‘How 
long will it run . . . at top efficiency . . . at lowest operating cost?” 
Performance records are becoming a major sales factor. 

No mechanical unit can be any better than its bearings. The only 
way to be sure of your bearings is to: 1. Determine the correct type 
for each application and 2. Get bearings made to your specifications. 

Johnson Sleeve Type Bearings have achieved an enviable reputa- 
tion for long life and economical operation. Our up-to-date methods 
... our skilled help . . . and more than forty years of exclusive bearing 
experience .... enable us to help manufacturers create new per- 
formance records. We help you decide which types of bearings will 
best serve your needs . . . we will produce them exactly to your 
specifications . . . and we can deliver them on'time. Why not call 
us in NOW? 
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reports that the Johnson Sleeve 
Bearings installed in one of his units 
in 1927 are still operating efficiently 
after 60,480 hours of service. 


Case 2 


A traveling salesman tells us of the 
Sleeve Bearings installed in his car 
. . » 1937 model. After over 100,000 
miles they are still delivering eco- 
nomical performance. 


Case 3 


A refrigerator owner reports that 
in a recent overhaul he checked the 
bearings. After twenty-five years of 
continuous service the Johnson 
Bronze Sleeve Bearings show no 
signs of wear. 
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that is said to.counteract shaft irregularities and to elim- 
inate damaging wear during initial operating period. 
Manufacturer: Wel-Met Co., 110 Gougler Ave., Kent, 
Ohio. 


For further information circle MD 16 on card Page 269 


Electric Counters 

ELECT RIC- 
ALLY-O PERAT 
ed electric counters 
designed _ specific- 
ally for panel 
mounting may be 
installed, reset and 
read from front of 
panel. Any num- 
ber of counters 
may be grouped 
on a_ centralized- 
count control 
panel, either  to- 
gether or with 
other instruments. 
Units consist of 
Wizard counter 
equipped with subpanel for attaching purposes. Counters 
are actuated by electric impulses which may originate 
from any suitable switch, relay or photo electric device. 
Made in 4 and 6-digit models, with either knob or key 
reset, units can be furnished for any voltage up to 220 ac 
er de. Manufacturer: Production Instruments Co., 702-08 
W. Jackson Blvd., Chicago 6. 


For further information circle MD 17 on card Page 269 





Panel Meters 

ADVANTAGE IS 
TAKEN of the “light-pip- 
ing” property of certain 
plastics in the new line of 
panel-type_ electrical _ in- 
struments. Front case of 
the instruments is clear 
plastic allowing the light 
played on back of instru- 
ment to be refracted to the 
front, fully illuminating the dial. Clear housing also 
provides more space on front of instrument, giving 
larger dial for a given size instrument than normally 
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available. Meters, which are available in both the recti- 
fier and thermocouple types, can be supplied with either 
iron-vane or moving-coil movements for all popular 
ranges of voltmeters, or ammeters. Housing measures 
3 3/8 by 3 3/4 inches, protrudes 5/8-inch in front of 
panel. Manufacturer: Assembly Products Inc., Main and 
Bell Sts., Chagrin Falls, Ohio. 


For further information circle MD 18 on card Page 269 





Oil Gage 


LINE OF straight oil gages are machined from hexa- 
gonal bar stock and have a heavy central stem and top 
cap supporting unbreakable plastic sights. Independent 
nut locks unit together compressing the gaskets and elim- 
inating any chance of leakage. Standard sizes cover the 
range of 2% to 5-inch gages, having sight diameters of % 
te %-inch. Gages can be taken apart for cleaning by 
simply removing the top nut. Manufacturer: Oil-Rite 
Corp., 3476 S. 13th St., Milwaukee 7. 


For further information circle MD 19 on card Page 269 





Low-Speed Synchronous Motors 


SPLASHPROOF construction has been added to the 
modified GE line of low-speed synchronous motors. 
Simple design of end-shield covers makes their removal 
and assembly easy when inspecting the motor. Pedestal 
bearings are outside the housing, permitting regular in- 
spection of oil supply and oil ring operation. The new 
construction saves floor space since it has louvered open- 





ings for side air discharge instead of flared-skirt type of 
opening. Also, the conduit box is included in the frame 
structure of the motor to protect it from splashing liquids. 
An inspection window is provided in the air chute for 
viewing the brush holder and collector without removal 
of the covers. Manufacturer: General Electric Co., Sche- 
nectady, N. Y. 


For further information circle MD 20 on card Page 269 


Latching Relay 


DYNAMIC BALANCE of moving parts in new latch- 
ing relay provides exceptional freedom from the effects of 
vibration and shock. Mechanical wear is said to increase 
rather than lessen latching stability, resulting in life up 
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CENTURY 


an 2 


GEAR MOTORS ~~ 


- Type 1R—Right angle 
shaft gear motor, one step 
worm gear speed reduc- 
tion. 









Type 1 R— Right angle * 

shaft gear motor, one = 

step worm gear speed 

reduction. 
he mounting feet of Century Gear Motors are an integra! part of 
the rugged compact gear housing—provides a strong, rigid unit. 

Additional mechanical strength is achieved by locating the shaft 

close to the base of the gear housing. This method of construction 


Type 2R—Right angle holds the high torque slow speed shaft in rigid alignment, and 


shaft gear motor, two reduces stresses. 

step speed ge +s 

—one st helica ’ 

gear, iia tie ane The motor is equipped with ball bearings. Large taper roller bear- 
oe ia ings in the gear unit handle heavy radial or thrust loads. 


Century Gear Motors are built in standard sizes from 1/8 to 3/, 
horsepower — single phase, polyphase and direct current. 


Century's line of fractional horsepower gear motors has gained 
an enviable reputation for outstanding performance. Many 





Type 1 P— Parallel thousands of them have been put into service since their introduc- 
shaft gear motor, one Z 

step helical gear tion eight years ago 

reduction. 


Specify Century Gear Motors for all your frac- 
tional horsepower slow speed requirements 






Type 2 P— Parallel CENTURY ELECTRIC CO. 
shaft gear motor, two 


step helical gear 1806 Pine St., St. Louis 3, Mo. 


reduction. Offices and Stock Points in Principal Cities 560 
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° 
to the millions of cycles. Multicircuit unit has eight in- 
dividual switch positions, each of which may be normally- 
open or normally-closed. Contacts may be ganged or 
arranged in pairs for a maximum of four double-break cir- 
cuits; are rated at 5 amperes at 110 volts ac or 24 volts de. 
Coils, which operate from de or rectified ac, require pulses 
of less than 0.5 watt for tripping and are available with 
resistances from very low values up to 10,000 ohms. For 
some types of memory applications where vibration is not 
severe and simple contact combinations suffice, a high 





sensitivity adjustment is provided and power requirements 
are as low as a few milliwatts. In this type of service the 
relay can be tripped by a 50 volt charge on a %4-mfd con- 
denser. Common applications range from momentary- 
contact controls to various protective circuits including 
electronic tube overload or underload. Manufacturer: 
Sigma Instrument, 70 Ceylon St., Boston. 
For further information circle MD 21 on card Page 269 





Protective Finish 


ANTICORROSIVE protective finish said to afford 20 
years protection to ferrous metals is unaffected after 1000 
hours exposure in standard salt-fog equipment. The proc- 
ess known as Zincilate is a one-coat protective coating. It 
possesses remarkable abrasion resistance and even when 
sizable areas are destroyed by scraping or wear lasting 
protection is assured through cathodic sacrifice. Manu- 
facturer: Indudstrial Metal Protectives Inc., Dayton, 

Ohio. 


For further information circle MD 22 on card Page 269 





Push-Button Valve 


PACKLESS ‘pushbutt- 
on valve is suitable for 
handling oil, air, water 
or any other substance 
not corrosive to brass. 
Valve is of the normally- 
open type, and it has 
been carefully designed 
for service where either manual or automatic instan- 
taneous valve operation is desired, and where leakage 
around conventional packing would be objectionable. The 
unit has a rencwable disk, renewable’ diaphragm, and a 
threaded collar around the pushbutton, permitting it to 
be mounted through a flush-panel opening. It is suitable 
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for pressures up to 100 lb, can be furnished with male 
SAE, IPS, or female solder connections in sizes from % to 
%-inch, inclusive. Manufacturer: Henry Valve Co., 3260 
W. Grand Ave., Chicago 51. 


For further information circle MD 23 on card Page 269 





Self-Locking Nut 


LOCK NUT similar in appearance to a flat-wire helical 
spring is available in either the conventional nut or spring- 
nut ,types. Well adapted by its shape to hopper feed 
systems, unit known as Diamond G spring nut, has good 
gripping power and strength yet is low in price. Manu- 
facturer: George K. Garrett Co., 1421 Chestnut St., 
Philadelphia 2. 


For further information circle MD 24 on card Page 269 


Hopper Feeder 


VIBRATORY FEEDER will 
cause material in granule form 
to flow upward at a contin- 
uous, even rate. The spiral 
hopper-feeder consists of an 
aluminum helicoid formed of 
individual .360-degree stamp- 
ings Argon-welded to form a 
continuous screw or ramp. Ma- 
terial poured into hopper at 
base of feeder is forced up- 
ward by a vibratory motion of 
3600 cycles per minute. Model 
shown in the accompanying 
illustration is 8 ft high, raises 
granules 7 ft while traveling them over 50 ft. Area occu- 
pied by unit is only 20 by 20 inches. Manufacturer: 
Miskella Infra-Red Co., East 73 and Grand Ave., Cleve- 
land 4. 


For further information circle MD 25 on card Page 269 








Switch Actuators 


EN-TeE RR - 
CHAN G E- 
ABLE and remov- 
able actuators 
for the Unimax 
snap-action switch 
allow the basic 
switch to be adapt- 
ed to a variety of 
applications. To 
achieve a uniform 
relationship be- 
tween actuators 
and switch button, 
actuators are 
mounted on stainless-steel plates which are in tum 
fastened to the switch body by locating screws. Strong 
forces may be applied to the assembly withont fear of 
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Through long experien 
type of packing will mé 
of many shapes and consist- 
encies, VIX-SYN fabricated dnd homogeneous synthetic rubber pack- 
ings, and the popular “O” 
biased recommendations 
und service conditions. 


This complete line enables 
based on pressures, temperat 


Add to this the engineering design aid for which Houghton is famous, 
king service which can 
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failure since the loads are distributed over a large area. 
Electrical ratings for the basic switch are 15 amp at 125 
volts, 5 amp at 250 volts, or %-hp. All units are the 
single-pole double-throw type. Manufacturer: Unimax 
Switch Corp., 460 W. 34th St., New York 1. 


For further information circle MD 26 on card Page 269 


Oil Filter 


FABRIC-TYPE oil filters consist of 
lint-free textiles wrapped in a closely 
knit muslin cloth, pressure-wound in 
convolutions around a_ perforated 
metal core. The whole is covered 
with a heavy tubing or muslin 
jacket. Flow of oil from outside to 
inside, leaves dirt and sludge with- 
in the body of ‘the filter. As ele- 
ments absorb contaminants they ex- 
pand, allowing great dirt-storage 
capacity. The new-type filters are 
said not to remove additives from 
oils, and to be usable with any 
type of oil; they are applicable to 
use on engines, pipe lines ‘and machine-tool coolant 
systems. Elements are available in 260 sizes to fit all 
popular miakes of filter cases and no adapters or springs 
are required. Manufacturer: Engine Life Products Corp., 
El Monte, Calif. 


For further information circle MD 27 on card Page 269 





Flexible Connector 


DESIGNED to protect pumps and similar apparatus 
against vibration and pipe expansion, a new flexible, 
seamless bronze hose with floating flanges is now being 
marketed by Seamlex Co., Inc., 41-23 24th St., Long 
Island City, N. Y. Floating flanges are of open-hearth 
steel with American Standard drilling. The inner bronze 
tube is of the close-pitch corrugated type reinforced by 
a high-tensile bronze braid jacket. 

For further information circle MD 28 on card Page 269 


Variable-Speed Feeder Drives 


HIGH-CAPACITY feeder drive for the handling of 
powders eliminates by its action troublesome arching and 
segregation of material and provides a continuous, uni- 
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form stream of free-flowing material at all times. The 
type 2520 feeder drive is a self-contained unit bolting 
directly to conveyor end and requiring no intermediate 
coupling. It has wide-babbitted and bronze-bushed bear- 
ings seating large-diameter drive shafts. An accurate and 
convenient speed-adjusting mechanism provides an even, 
continuous rate of discharge. Heavy steel-tipped pawls 
and wide nonslip ratchet wheel assure long life. Manu- 
facturer: Sprout, Waldron & Co., Muncy, Pa. 
For further information circle MD 29 on card Page 269 


' ~ Welding Electrode 


GENERAL-PURPOSE mild-steel welding electrode 
having good characteristics on direct-current straight, or 
reverse polarity as well as alternating current has been 
introduced by The Air Reduction Sales Co., 60 E. 42nd 
St., New York. The new electrode, known as No. 87, is 
especially recommended for low-cost single or multiple- 
pass welding on plates or sections where fit-up is poor 
or work is rusty or dirty. 

For further information circle MD 30 on card Page 269 


Precious-Metal Electrical Contacts 


SILVER-MOLYBDENUM electrical contacts possessing 
excellent arc-resisting characteristics are available in spe- 
cial shapes made by the powder-metal process. New 

; contact material is 
ta aataee $ supplied in two 
° grades: Gibsiloy 
M-10 and Gibsiloy 
M-12, the latter 
containing’ the 
higher percentage 
of molybdenum. 
Alloy M-12 is re- 
commended for 
heavy duty circuit 
breakers where the 
high mechanical 
and electrical 
stresses are resisted 
by the highly refractory material. Allcy M-10 is used 
on smaller-size circuit breakers handling lower pressures. 
Excellent combination of conductivity and hardness is 
made possible by combining the two metals by the powder 
metal process. Grade M-10 has 50% of the conductivity 
of pure silver and a hardness of 75 Rockwell B, while 
Grade M-12 has 45% conductivity and a hardness of 85 
Rockwell B. Units are furnished sclder-backed for con- 
venience in application. Manufacturer: Gibson Electric 
Co., 8355 Frankstown Ave., Pittsburgh 21. 
For further information circle MD 31 on card Page 269 
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Step-Down Transformers 


COMPLETE NEW LINE of step-down transformers in- 
corporates the two basic types: 115 volt to low voltage, 
and high-voltage to 115 volts. First type, for operating 
low-voltage devices, is available in either normal-reactance 
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MICROMOTORS 


IN SIZES UP TO 1/15th HORSEPOWER 


ws you need small electric motors, or help in adapting 
them to your product, get in touch with Redmond. You 
can work closely with the Redmond organization with your 
mind at ease. Redmond Company, Inc. specializes exclusively 
in the manufacture of Micromotors, speed controllers and small 
blower units — no complete consumer products to compete with 
the products of customers. 


Expanded facilities. Prompt deliveries. Service before 
and beyond the sale. Write for complete details. 











series with 8, 16, 24 and 32-volt secondaries and capaci- 
ties from 25 to 150 va; and high-reactance series with 25 
and 30 volt secondaries and capacities of 20 to 80 va. 
Units are mounted either with standard shields and mount- 
ing feet or with outlet-box covers that fit standard round 
and octagonal boxes. Higher-voltage transformers will 
step 230, 460, or 575-volt power down to 115-volts. They 
are offered in capacities from 25 to 250 va with standard 
mounting feet for in-compartment wiring, or with rec- 
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tangular outlet-box covers for mounting on FS or FD-type 
boxes. Units for heavy duty have capacities from % to 
10 kva. Manufacturer: Chicago Transformer Division of 
Essex Wire Corp., 3501 Addison St., Chicago 18. 

For further information circle MD 32 on card Page 269 





Cable-Type Transformer 


INPUT TRANSFORMER for use in coupling low-im- 
pedance microphones to standard high-impedance am- 
plifier inputs has frequency response from 50 to 12,000 
cps. It permits running microphone lines up to 5000 feet 
with practically no loss in output or frequency response. 
Manufacturer: Amperite Co., 561 Broadway, New York. 

For further information circle MD 33 on card Page 269 





Cup-Packing Expander 


STRIP EXPANDER 
for leather cup packings 
maintains constant con- 
‘tact between packing 
seal lip and_ cylinder 
wall. Made of heat- 
treated _ berryllium-cop- 
per, the expander count- 
eracts tendency of pack- 
ing to recede from wall 
and permit fluid leak- 
age, yet is resistant to 
corrosion from contact 
with brine, gasoline, al- 
cohol and other liquids. 
The HPL Strip Expander is said not te increase friction 
or wear on the packings, inasmuch as it exerts only suf- 
ficient force to maintain a constant pressure between 
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packing and wall. Standardized to fit any cup diameter 

2 inch and over, expander is produced in strip form and 

is cut off to suit packing size. Manufacturer: HPL 

Manufacturing Co., 2013 E. 65th St., Cleveland 3. 
For further information circle MD 34 on card Page 269 





Welding Electrode 


DESIGNED for high-speed welding of grooved joints, 
positioned fillets and horizontal fillets, new DH-MO elec- 
trode is made in four diameters, from 5/32-inch to %4-inch. 
It is suitable for welding low-alloy cast steel, or low-alloy 
high-tensile-strength rolled steels in the flat position with 
ac or de straight polarity current. Manufacturer: West- 
inghouse Electric Corp., 306 Fourth Ave., Pittsburgh 30. 


For further information circle MD 35 on card Page 269 





Liquid-Level Gage 


METER for remote indication of the 
liquid level in tanks will function whether 
tanks are open, vented, under pressure or 
under vacuum. Units can be furnished 
with high or low alarm switches for clos- 
ing or opening any circuit at any prede- 
termined high or low level. Fifty-two 
standard models are available for measur- 
ing liquid depths ranging from one ft to 
75 ft and can be furnished for hand pump 
or compressed air operation. Manufac- 
turer: Uehling Instrument Co., 473 Getty 
Ave., Paterson, N. J. 

For further information circle MD 36 on card Page 269 








Improved Panel Meters 


LINE OF electrical panel meters in 2 and 2%-inch sizes 
is available in ac and de ammeters, ac and dc milliam- 
meters, ac and de voltmeters and ohmmeters. The dc me- 
ters are of the polarized-vane type, while the ac meters are 
of the double-vane repulsion type. Both styles are accurate 
within 5 per cent. All models are of the flush-mounting 
type of black-enameled brass construction with mountings 
available in bracket, ring or screw styles with narrow or 
wide flanges optional. Zero adjusters are available on two 
of the de types. Dials are metal, age and moisture re- 
sistant and lithographed in black and white for high visi- 
bility. Additional colors are supplied where required. 
Concealed coils, full-view scales and attractive styling and 
finish contribute to the modern appearance of the instru- 
ments. Manufacturer: Shurite Meters, 21 Hamilton St., 
New Haven 8, Conn. 

For further information circle MD 37 on card Page 269 





MacHINE DesicN—September, 1947 





























Rr neta Wea, . 
«3 


vy 























Clipper Seals were developed by Johns- 
Manville to protect vital bearings in our 
fighting planes during World War II. 
Their superior advantages as an oil seal 
were thoroughly tested and proved. Now 
they are available to industry to provide 
the same long-term bearing protection. 


JOH wv MANVILLE 














JM 


Johns=-Manville 
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.-. with this new type Oil Seal 
that lasts longer, seals better 


Are you seeking an oil seal that will permit greater com- 
pactness and economy of design? 


Clipper Seal may be the answer! 


This new type Johns-Manville oil seal is available with a 
light flange section that permits designing oil seal cavities 
with depths as little as 14". In fact, because of its unique 
1-piece design, there is no cavity mechanically practicable 
which is too shallow—or too deep—for a Clipper Seal. 


Consisting of a rigid hee! and a tough but flexible lip 
moulded into a single unit, Clipper Seals provide an excep- 
tionally long wearing oil seal with superior lubricant-re- 
taining, dirt-excluding qualities. They are easily installed 
and may be removed without damage. Non-metallic, they 
are also resistant to most forms of corrosion. 


Clipper Seals are made to fit any size shaft from 56" 
diameter to 68" O.D. For further information, write Johns- 
Manville, Box 290, New York 16, N. Y. 
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To obtain additional information on these new developments see Page 269 


Contact Printer 


VACUUM  SEAi. 
TYPE of contact printer 
has a usable printing 
area measuring 31 by 43 
inches. The unit, known 
as the Vacuum Seal Por- 
tagraph Model G-112, is 
constructed with mor- 
tised and tenoned panei 
and has a rigid rein- 
forced vacuum top. Unit 
contains a utility storage 
cabinet and a paper stor- 
age drawer and is equipped with an automatic electric 
timer for controlling the 25 and 65 watt lamps. It has 
a timer light to facilitate darkroom work and two ruby 
spotting lights. Vacuum pump of the element can cre- 
ate a pressure of 25 inches of mercury, sealing against a 
¥%-inch rubber blanket mounted on edge cf lid. Manu- 
facturer is the Photo Records Division, Remington Rand 
Inc., 315 Fourth Ave., New York 10. 


Yor further irformation circle MD 38 on card Page 269 








Multi-color Mechanical Pencil 


MECHANICAL pencil offers choice of six different 
colored leads by use of selector device on side of pencil. 
No larger than the ordinary mechanical types, the new 
instrument contains leads within the barrel from which 
they may be quickly selected by adjusting a metal clip 
attached to the pencil head. To prevent lead slippage, 


“a novel three-section metal chuck holds the chosen lead 


firmly in writing position. Sight selection is afforded by 

small colored dots imbedded in instrument barre]. Manu- 

facturer: Ross-Frederick Corp., Box 429, Mineola, N. Y. 
For further information circle MD 39 on card Page 269 





Resistance-Measuring Instrument 


BRIDGE-MEG _ type 
of Megger combines in 
one unit a direct-reading 
ohmmeter for measuring 
insulation resistance and 
a wheatsone bridge cir- 
cuit for measuring con- 
ductor resistance. Oh- 
mmeter portion of unit is 
identical with standard 
Megger type of unit, 
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and includes a hand-cranked generator to supply test 
current. Bridge circuit, which also draws current from 
the hand generator, will measure resistance from 0.01 
ohm to 999,900 ohms with an error of one per cent 
or less, while the ohmmeter has a range up to 1000 meg- 
chms. Instrument measures 7 by 8 3/4 by 12 inches, 
and weighs 13 to 15% pounds, according to the model. 
Manufacturer: James G. Biddle Co., 1316 Arch St. Phil- 
adelphia 7. 
For further information c’rcle MD 40 on card Page 269 





High-Sensitivity Kilovoltmeters 


RECENTLY ANNOUNCED series of high sensitivity 
kilovoltmeters are specifically designed for measure- 
ments in television and similar electronic circuits. All 
of the instruments in this series are portable and feature 
little current drain in making high-voltage measurements. 
Typical unit, the No. 760-A kilovoltmeter has three scales 
—5, 10 and 20 kilovolts—with a sensitivity of 10,000 ohms 
per volt. The instrument thus draws only 100 microam- 
peres at full scale. Scale selection is made by connect- 
ing leads to the proper insulated binding posts, while an- 





other binding post provides ground connection. A polari 
ty-reversing switch is supplied and provision is made for 
connecting an external meter where required. Multiplier 
sections are insulated from panels by high-grade ceramic 
insulators and accuracy is 2 per cent for dc measurements 
and 5 per cent for ac. Line of eight kilovoltmeters pro- 
vides both dc and ac types in practically any required 
voltage combination. Manufacturer is the Shallcross 
Manufacturing Co., Collingdale, Pa. 


For farther informat‘on circle MD 41 on cad Pave 2€9 
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ich is the trade-mark of our 
1s a contraction of ‘““exTRUded” 
ords seem best to describe this 


ecause the fins are extruded right out 
of the tube wall and are thus a part of the tube itself. 


With this construction the tube is capable of with- 


standing vibration and sudden heat changes. 


Trufin possesses many times the surface area of plain 
tube. It will bend as readily as plain tube, and is 


available in a variety of diameters, alloys, fin heights 
and spacings. 


If your product involves heat transfer, you should 
certainly acquaint yourself with Trufin to make sure 


you are not overlooking something that will bring pli 
you still greater efficiency. Iv 







WOLVERINE TUBE DIVISION 


CALUMET & HECLA CONSOLIDATED COPPER COMPANY 





1411 CENTRAL AVENUE 
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MEN /. 


E. G. BAILEY, president-elect of The 
American Society of Mechanical Engineers for 
1947-48, has been a vice president and direc- 
tor of The Babcock & Wilcox Co. since 1930. 
Mr. Bailey is also well known as the founder 
of the Bailey Meter Co., Cleveland, in 1916, 
and was its president until 1944 when he be- 
came chairman of the board. His many in- 
ventions, covered by more than 100 United 
States patents and numerous United States 
patent applications, include fluid meters, boiler 
meters, automatic combustion control and 
water-cooled furnace wall, pulverized coal 
feeders and burners, boilers and furnaces. He 
also is author of many papers on fuels, com- 
bustion and power developments. Mr. Bailey, 
who received his mechanical engineering de- 
gree from Ohio State University, also obtained 
other honorary degrees from this university, 
Lehigh University and Lafayette College. Nu- 
merous medals and awards were also given 
Mr. Bailey in recognition of his “achievement 
and leadership in steam and combustion engi- 
neering”. Some of these include the Longs- 
treth Medal of the Franklin Institute, one from 
ASME, the Percy Nicholls Award, and in 1936 
the Lamme Medal from the Ohio State Uni- 
versity. 


C. RICHARD SODERBERG, deputy head 
of the department of mechanical engineering 
at the Massachusetts Institute of Technology 
and thus already thoroughly familiar with its 
administration, is ably fitted for his new ap- 
pointment as head of this department. Pro- 
fessor Soderberg is widely known in the field 
of applied mechanics and internationally rec- 
ognized as an authority on turbine design. Be- 
fore coming to the institute in 1938, he had 
been manager of the turbine division of the 
Westinghouse Electric Corp. Professor Soder- 
berg came to the United States from his native 
Sweden in 1919 on a fellowship and spent a 
year in advanced study of naval architecture 
at the Institute and at the University of Michi- 
gan, receiving a bachelor’s degree from M.I.T. 
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Vladimir L. Maleev 





After a year on the technical staff 
of the New York Shipbuilding 
Corp., he joined the heavy trac- 
tion railway department of West- 
inghouse and in 1924 was trans- 
ferred to the power engineering de- 
partment where he specialized on 
problems of large turbine genera- 
tors. Later he returned te Sweden 
for two years to undertake devel- 
opment of large turbine generators 
for the Swedish General Electric 
Co., and when he came back in 
1930 he joined Westinghouse 
again. From 1931 until his ap- 
pointment at the institute in 1938, 
he was in charge of the turbine di- 
vision. During the war Professor 
Soderberg served on the special 
committee on jet propulsion of the 
NACA, also on other government 
committees for the studies of tank 
design and evaluation of gas tur- 
bine power plants for ships. In 
addition to his government work, 
he also acted as a consultant. 


VLADIMIR L. MALEEV, who 
recently became associated with 
the University of Southern Cali- 
fornia as lecturer in mechanical en- 
gineering in the courses of ma- 
chine design and design of internal 
combustion engines, is in a posi- 
tion to offer students the benefit of 
his forty-five years of experience in 
the theory and practice of machine 
design in a number of fields. These 
include diesel, gas, and gasoline 
engines, hoists, oil field machinery, 
transmission machinery, refrigera- 
tion and air conditioning. He re- 
signed as consulting mechanical 
engineer with Harvey Machine Co. 
Inc., to accept this post. Before 
becoming connected with this or- 
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TYPE “A” 
ASSEMBLY BIT 


What do you look for tua Seren? 


IS IT HIGHER PRODUCTION? ... The records of users credit CLUTCH HEAD with 
contributing 15% to 50% increases in comparison with all other screws. 

IS IT SAFETY?... Users say dead-center entry with the Center Pivot column plus the 

deep definite torque grip eliminate driver canting and skidding; dis- 
posing of damage to manpower and materials. 

. High visibility of the roomy Clutch recess inspires confidence to cut 

out slow-down hesitation for a faster, smoother driving tempo. 

IS IT EASIER DRIVING? . . . Operators testify that the all-square engagement of CLUTCH 
HEAD’S Type “A”’ Bit with the straight-walled recess eliminates need 
for fatiguing end pressure to combat “ride-out”’ as set up by tapered 
driving contact. 

IS IT DURABLE BIT SERVICE? . . . Would you like to see the Type “‘A”’ Bit that drove 
214,000 screws in continuous assembly operation for the largest auto- 
mobile manufacturer in the world? 

IS IT ONE-HANDED DRIVING? ... The simple CLUTCH HEAD Lock-On unites screw and 
bit as a unit for reaching into hard-to-get-at spots . . . also for easy 
service withdrawal of screws located behind surrounding units. 


IS IT SPEED?. . 


Send for assortment of America’s most modern 
screw, sample Type “‘A’’ Bit, and illustrated Brochure. 





iS IT LOW TOOL COST? 

This rugged Type ‘‘A”’ Bit 
may be repeatedly restored 
to its original efficiency by a 
60-second application of the 
end surface to a grinding 
wheel. No delay. No expense. 


IS IT SIMPLE FIELD SERVICE? 


. .. CLUTCH HEAD is the only 
modern screw basically de- 
signed for operation with 
a common screwdriver, 
which need only be reason- 
ably accurate in width. 


UNITED SCREW AND BOLT CORPORATION 


CLEVELAND 2 
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CHICAGO 8 


NEW YORK 7 


COMMON 
SCREWDRIVER 





188 





ganization, he had been professor emeritus at the, Okla- 
homa A & M College. He obtained a leave of absence 
for the duration of the war and became senior mechanical 
engineer (diesel) at the U.S.N. Engineering Experiment 
Station in Annapolis. Prior to his professorship, from 
1931-1942, he hid been chief engineer of Western-Enter- 
prise Engine Co. His first position since coming to the 
United States in 1920 was that of design engineer of 
Western Machinery Co., where he subsequently became 
experimental and consulting engineer, and finally chief 
engineer. Before leaving Russia, where he was born, Dr. 
Maleev was president of the Polytechnic Institute of Omsk 
from 1917 to 1919. He obtained his mechanical engi- 
neering degree at the Imperial Technical College in Mos- 
cow in 1902 arid became instructor at the St. Petersburg 
Polytechnic Institute from 1903 to 1906. From 1906 to 
1917 he was associate profesor and professor of mechan- 
ical engineering at the Technological Institute of Tomsk. 
Dr. Maleev is well known as an author of over fifty 
manuals, books, papers on thermodynamics, theory, de- 
sign, and testing of internal combustion engines and steam 
turbines, and also on technical education. 


H_ .W. Rocers has relinquished his responsibilities as 
engineer of the paper and textile division to become en- 
gineering consultant in this division of General Electric, 
with special assigned duties. G. W. Knapp, formerly en- 
gineer, rubber and printing division, was appointed to the 
position formerly occupied by Mr. Rogers, while C. E. 
MILLER, engineer in the rubber and printing division, was 
appointed to succeed Mr. Knapp. 


A. H. Mixes is the new chief engineer of The Stee! Im- 
provement & Forge Co., Cleveland. 


o 


Tony REITBERGER has been appointed assistant chief 
engineer of Warren City Mfg. Co. Mr. Reitberger brings 
a wide knowledge of the metalworking industzy to his new 
post, having been associated with press manufacturers for 
the past seventeen years. Immediately prior to his present 
appointment, Mr. Reitberger had been for ten years de- 
sign engineer and engineering department head in charge 
of the heavy mechanical press division of Cleaning Ma- 
chine Corp. 

e 

WiiuiaM C. McFappen, chief engineer since 1945, has 
been appointed director of planning for Pacific Airmotive 
Corp. He will be in charge of special machinery design, 
plant layout, etc. 

. 

Tuomas H. LATIMER will assume his new duties as ex- 
ecutive engineer in charge of engineering, drafting and 
estimating for the John Waldron Corp. Prior to his new 
appointment, Mr. Latimer had been chief engineer of 
Rlack-Clawson Co., Hamilton, O. 


a 


T. A. WorcEsTER, assistant manager of General Electric 
central station divisions, has retired after forty-two years 
of service with the company. S. B. Crary and W. J. Mc- 
LAcHLAN have been appointed assistant managers. Mr. 
Crary, has been with the company since 1927, and after 
taking the test course offered by the company, worked on 
analysis of power-system generation, transmission and 
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utilization apparatus. For his work on synchronizing of 
motors, he received the Charles A. Coffin award in 1937. 
From 1941 until his present appointment, he has been an 
engineer of the analytical division. Mr. McLachlan joined 
General Electric in 1924, taking its test course. He was 
engaged in distribution system engineering until 1939 
when he assumed charge of the apparatus-line sponsor sec- 
tion. In 1943 he was assigned engineer of the production 
division, where he remained until his recent appointment. 
a 
Grorce L. BEERs, assistant director of engineering of the 
RCA Victor Division, Radio Corp. of America, recently re- 
ceived the honorary degree of doctor of science from Get- 
tysburg College, Gettysburg, Pa., where he received his 
elecfrical engineering degree in 1921. 
¢ 
Epwarp F. Cazoon has rejoined TelAutograph Corp. 
as chief engineer, assuming full responsibility for all tech- 
nical activities and services, including engineering research 
and develspment on telescribing systems tor instantaneous 
communications in writing. 
° 
LawreNcE H. Baitey of the F. J. Stokes Machine Co., 
Philadelphia, has been awarded the Stevens Institute 
Medal for achievement in powder metallurgy. 
o 
Witson H. Moriarty, vice president of National Mal- 
loable & Steel Castings Co., Cleveland, has been elected 
president of the Malleable Founders Society. 
e 
Pau Hovcarp has been made general manager in 
charge of the engineering and factory divisions, and the 
inspection department of the Piasecki Helicopter Corp., 
Sharon Hill, Pa. Previously, Mr. Hovgard was an asso- 
ciate director of the Cornell Aeronautical Laboratory. 
e 
W. E. Hiccinrottom, formerly president of Package 
Specialties, has been named design engineer of Shumann 
Equipment Co., Pittsburgh. 


« 


Dr. DonaLp Bascock Keyes, director and vice presi- 
dent in charge of research and development of the Heyden 
Chemical Corp., New York, received an honorary degree 
of doctor of engineering from the Stevens Institute of 


Technology. 


7 
Joun W. Greve, managing editor of MACHINE DEsIGN, 
has been elected president of the Cleveland Engineering 
Society at its sixty-seventh annual meeting. This society 
has the distinction of being one of the oldest societies in 


the country. 
° 


Orro E. Kircuner, formerly director of research and 
development, American Airlines Inc., La Guardia Field, 
New York, has been made director of engineering at Tulsa, 
Okla. 

° 

Lioyp A. Cummincs has been promoted from chief 
eng’neer to vice president and works manager of the 
Marlin Rockwell Corp. plants at Jamestown and Pilain- 
ville, Conn. DanteL Gurney, fgrmerly assistant chief en- 
gineer, replaces Mr. Cummings as chief engineer at the 
company’s Jamestown, N. Y. plant. 
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Durable diaphragm for motor 
control valve made of NEOPRENE 


Stands up under constant flexing... 





| a : 


Ss 


oe Wla) 


Valve manufactured by 
Kieley & Mueller, Inc. 
North Bergen, New Jersey 


Moror CONTROL VALVES are used 
in many industrial processes where 
accurate control over the flow of 
liquids or gases is required. Key 
part of this type valve is the dia- 
phragm ...a thin, flexible mem- 
brane which is activated by air 
pressure to increase or decrease 
flow rate through the valve orifice. 


In the Kieley & Mueller valve 
illustrated, a neoprene diaphragm 
with a fabric insert was specified. 
It has proved highly efficient un- 
der operating conditions .. . flexi- 
ble and sensitive to slight pres- 
sure changes, yet tough and dur- 
able. It withstands constant flex- 
ing without cracking. Elevated 
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resists deterioration from heat and oil. 






temperature to which the valves 
are often exposed have little effect 
on neoprene. It resists deteriora- 
tion from any entrained dirt and 
oil in the compressed air supply. 
And because of neoprene’s low 
permeability, air pressure on the 
diaphragm can be held constant. 


Design engineers have found Neoprene 
to be the answer when an elastic ma- 
terial for unusual service is required. 
The Neoprene Notebook contains arti- 
cles on how others ‘have utilized this 
versatile Du Pont rubber. We’ ll be glad 
to mail it to you. For your free sub- 
scription, write to: E. I. du Pont de 
Nemours & Co. (Inc.), Rubber Chemi- 
cals Division A-9, Wilmington 98, Del. 


HERE’S WHY NEOPRENE DOES SO MANY 
JOBS SO WELL! 


*High tensile strength, resilience, |ow permanent distortion. 
*Tough and durable, resists abrasion and cutting. 

* Superior resistance to sunlight, aging, ozone, and heat. 

* Resistance to deterioration by oils, solvents, chemicals, acids. 
* Superior air-retention, low permeability to gases and fluids. 


* Special compositions are flame-retarding, static-conducting, 
flexible at low temperatures. 


BETTER THINGS FOR BETTER LIVING GU POND 
. - - THROUGH CHEMISTRY 


&E6.u. 5. pat. orf 
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Automatic Flight 


(Concluded from Page 120) 


shown from the geometry of Fig. 4 that the error V is 
equal to: 


C sinA sin(B—6)—X sin{180—(A+B)] 


Sos sin{180—(A+B)] 





When the numerator of this expression is zero the error 
is zero, hence the computer is required to produce con- 
tinuously an error voltage equal to 


C sinA sin(B—6)—X sin{180—(A+B)] 


Referring to Fig. 5, the term C sin A is obtained in the 
computer by applying an alternating current voltage pro- 
portional to C to the primary of a variable transformer, 
T-1, whose secondary is turned mechanically through an 
angle equal to A. The output of the secondary is propor- 
tional to the sine of the angle between the rotor and the 
stator, thus producing a voltage proportional to C sin A. 

This value is multiplied by sin (B—6), as required by 
the equation, by applying it to a variable transformer, T-2, 
whose secondary is turned mechanically through an angle 
equal to (B-—@). 

The term X sin [180— ( A+B )] is added, algebraically, 
to C sin A sin (B—6) by placing the secondary of a vari- 
able transformer, T-3, in series with T-2. The se- 
ondary of T-3 is turned through an angle equal to [180— 
(A+B)]} to obtain the correct value on the secondary. 
This total voltage, then, is proportional’ to the error 
normal to the desired ground course, and is applied to 
the automatic approach coupling unit of the E-4 automatic 
pilot. The action of this voltage applied to the automatic 
pilot is similar to that of a pilot who follows a homing 
signal as displayed on a right-left indicator. 


Furnishing Directional Information to Computer 


In Fig. 6 is shown schematically the coupling arrange- 
ment of the automatic radio compass receivers and the 
- flux-gate magnetic compass that are used to furnish shaft 
rotation of the transformers in the computer. The antenna 
loops of the radio compass receivers automatically point 
to the radio station to which they are tuned. Coupled 
mechanically to the loop of each receiver is a transmitter 
selsyn that operates through a receiver selsyn and ampli- 
fier to turn the motor through an angle equal to the 
angular direction of the radio station from the aircraft. 
Thus ARN-7 No. 1 operates to produce angle A and 
ARN-7 No. 2 to produce angle B. Thus there is direc- 
tional information in the form of shaft rotation so that the 
rotors of the computer selsyns, Fig. 5, can be turned to 
satisfy the mathematical relationships required. 

If the heading of the aircraft changes, the radio stations 
will appear to be in different directions, necessitating the 
azimuth stabilization of the servo system from information 
from the flux-gate magnetic compass. The receiver selsyn 
from the flux gate, Fig. 6, operates through amplifier No. 
3 to turn the stators of the radio compass receiver selsyn 
through an angle equal to the heading of the aircraft with 
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respect to true north. The output motors turn through 
angles A and B and are coupled to T-1, T-2, and T-3 
as shown in Fig. 7. A differential gear adds the two angles 
A and B as required to apply them to the rotor of T-1. 

As the aircraft progresses on its course, the continuous 
information from the radio compass receivers is used to 
turn the computer selsyn rotors, whose output is a voltage 


‘ proportional to the course error. Changing of the con- 


stants in the computer for operation with successive pairs 
of radio stations is accomplished through the Master 
Sequence Selector which actuates automatic tuners for 
the radio compasses, and applies the different values of 
C, X, and 6 at the correct times. The point of change- 
over from one pair of stations to another is sensed by a 
simple cam system on the rotors of the receiver selsyns, 
that completes the energizing circuit of the Selector when 
the aircraft reaches a preselected position with reference 
to the two radio stations in use in a particular sequence. 

The systems described in the foregoing are typical of 
the units required in producing automatic flight. Other 
flight instruments, notably the APN-1, a radio altimeter 
used for altitude “sensing” and the SCS-51 blind landing 
beam system, are integrated into similar automatic sys- 
tems to form the complete Automatic Flight Controller. 

Far from being the final answer to all-weather flying, 
the Automatic Flight Controller must await the develop- 
ment of finer electronic instruments for completely fool- 
proof operation. It has, however, demonstrated ade- 
quately that automatic flight can be accomplished. 
Engineers of the All-Weather Flying Division and Air 
Materiel Command are now set to the task of perfecting 


- the Automatic Flight Controller for foolproof operation 


irrespective of the conditions that might be met. Although 
there have been many times when the “brain” was not 
adequate for safe control due to its inability to delineate 
ambiguous information given by the instruments, it is 
believed by those close to the development that the 
major obstacles in producing automatic flight have already 
been hurdled. The future then will disclose the extent to 


‘which engineering ingenuity can produce electronically 


the actions required to fly aircraft automatically during all 
weather conditions. 





Twin-Rotor Helicopter 


A captured German helicopter of unique design is nov 
undergoing tests to determine the validity of claims in- 
dicating radical improvements in engineering and _ per- 
formance. Distinguished by two intermeshing contra- 
rotating two-bladed rotors, mounted so that the axis 
of each makes an angle of 24 degrees with that of the 
other, the helicopter is known as the Flettner 282. The 
right-hand rotor revolves clockwise and the left-hand 
counterclockwise, as viewed from the pilot’s seat, this 
configuration being similar to the U. S. Army Air Forces’ 
XR-8 experimental helicopter. 

The intermeshing blades are claimed to dcteons tor- 
que, and the machine is described as “extremely maneu- 
verable”. It las been successfully flown by the Germans 
in heavy rain and wind storms under blind flight condi- 
tions, including a 95-hour endurance contest. It will 
climb 300 feet a minute, has a hovering ceiling of 1000 
feet and has a maximum speed of 90 miles per hour. 
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Hydrostatic Lubrication 


(Continued {from Page 131) 


per inch. Values of m range usually between 0.0005 and 
0.003 inch per inch. Substituting for h, gq becomes 


6 m*r*{1—c cos6|> dp 
124 dé 





The volume flowing through the differential slot is the 
quantity displaced by the relative motion of journal and 
bearing. The amount forced out between the top and 
position @, on one side, is 


q, =U br sind 


Equating q and qp, 


6b m*r*{1—ccos6}* dp 
124 do 





vbrsino= — 


12 uv siné 





dp= — 
i mr !1—ccos6}? 


Integrating to obtain an expression for p for any point on 
the circumference, 





a 1 c] 
aa 2c(1— —e cos6)? 


The constant of integration can be evaluated from the 
physical boundary condition that p = 0 when @ = 7/2 
(90 degrees), from which C = —1/2c and 





et [ 1 | (33 
ere t~emes 3 ee ) 


The total load-carrying capacity can be evaluated by sum- 
ming up the vertical components of the pressure along 
the length of the arc on which the pressure acts. Gumbel 
and Everling* have applied a numerical and graphical 
analysis to this problem and have obtained the load-carry- 
ing capacity of this type bearing for several values of ec- 
“ centricity c. The problem, however, as demonstrated in 
this article, has now been solved explicitly for all values 
of eccentricity. Agreement with the results of Gumbel 
and Everling is excellent. 

In Fig. 40 is shown the component of the force dW in 
the direction of translation produced by the oil pressure 
acting on a differential area of width rd@ and length b: 


dW=br dé pcosé 


and 
a/2 


W=2 b rcosé ao 





*Laca —c cos@)? oe 


ante * [ete cosé dé — c0s0 ao | 
(1—c cosé)* 


which on integration: becomes 
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ta sind 
‘ sig Fe —c|[1—c cos6] 


and the total load-carrying capacity may be written 


b 
w="K] A ae ee tee ee Cn a a (34) 


where 








2 Vv 1-e c 
Ke 2{ —- - tan“ | 
i” aoe ae 


Values of K have been computed and are listed and 
plotted on Fig. 41 so that either the instantaneous load- 
carrying capacity can be evaluated in terms of velocity or 
the instantaneous velocity can be found for a given load 
and film thickness or its equivalent eccentricity. 

It is not practical to set up an expression for the time 
required for the film to reduce from an initial value of h, 
to some final value hy, as has been done previously. In- 
stead, individual, instantaneous velocities are computed 
and plotted against film thickness or eccentricity and some 
form of graphical or numerical integration is used to eval- 
uate an average velocity of approach for the journal in its 
bearing. In this manner the time required for the film to 
reach its lower limit can be estimated. 

Although the derivation was developed with respect to 
a 180-degree bearing it can be used with little error on 
a flooded 360-degree bearing, providing the pressures in 
the load-carrying film are large compared to any negative 
pressure that might be created in the crown of the bear- 
ing, where the journal is moving away from the bearing. 
For normal ambient pressures the maximum vacuum ob- 
tainable in the crown, would be numerically equal to at- 
mospheric pressure or 14.7 psi. The actual vacuum, how- 
ever, will be less than this. 

Following example will show how these equations can 
be applied to the wrist pin of an internal-combusticn en- 
gine, Fig. 35. Diameter of the pin is %-in., diameter of 
the piston is 3% in., diametral clearance between rod -bush- 
ing and pin is 0.0006-in., and length of bushing is 1% in. 
SAE 20 oil at 180 F fills the clearance space. Mean ef- 
fective pressure during the power stroke produced by 
inertia and gas forces on the piston is 125 psi. It is re- 
quired to estimate the time required for the clearance at 
the top of the bushing to change from 0.0003-in. to 
0.00003-in., assuming that the effect of end leakage is of 
secondary importance, and to compare this with the length 
of time the pressure would be applied with the engine 
operating at 3000 rpm. 

Force acting on piston and piston-pin bushing is equal 
to pressure times area of piston or 


2 
Wa 125x520" =1037 Ib 


Radial clearance — 0.0003-in. = mr, from which the 
clearance modulus is m = 0.0003/0.4375 = 0.000686. 
Viscosity of SAE 20 at 180 F is 70 Saybolt Seconds, from 
which (M. D., June, 1947, Page 112) kinematic viscosity 
= 12.8 centistokes, absolute viscosity = 10.78 centipoises 
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WHY THE TREND IS TO Mo HIGH SPEED STEELS 
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Why do makers—and users—of metal-working 


tools go strong for molybdenum high speed steels? 





Performance is one answer. In actual opera- 
tion, in the form of twist drills, hacksaw blades, 
milling cutters, lathe bits and many other tools, 
molybdenum steels have proved that they outper- 
form 18-4-1. They work longer between grinds, 


and they have longer over-all life.* 


Cost is another answer. Molybdenum steels cost 
from 10¢ to 20¢ a pound less than 18-4-1, and 
they provide more tools per pound of steel be- 


cause their density is 6% to 9% lower. 


Many of the country’s largest users of high 
speed steels have standardized on molybdenum 
steels. They have done it because they know that 
the use of these modern steels lowers production 


costs. 


*Our booklet on molybdenum high speed steels will give 
you proof of these statements. Write for it. 


MOLYBDIC OXIDE-BRIQUETTED OR CANNED *© FERROMOLYBDENUM * ‘‘CALCIUM MOLYBDATE’’ 
CLIMAX FURNISHES AUTHORITATIVE ENGINEERING DATA MOLY3DENUM APPLICATIONS. 
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MILFORD 


FASTENING 
EQUIPMENT 





Have You 


ASSEMBLIES 
Like These? 


Model No. 301-A 









HEATING 
EQUIPMENT 


INDUSTRIAL 
BASKETS 


BABY CARRIAGES 
STOVES 
LEATHER GOODS 


ETC., ETC. 


Assemblies cost more than you think. Not the ma- 
terial, but the time to complete them. Check time 
costs and you will be startled. Milford knows—from 
checking time costs for innumerable manufacturers. 
That’s why they chose Milford Fastening Equip- 
ment (semi-tubular or split rivets and rivet setters). 
It flattens the time-cost curve, assures proved and 
important savings on assemblies as diverse as wrist- 
watches and refrigerators. Don’t delay. Investigate 
today. Deliveries are not yet normal. Earliest 
ordered, earliest delivered. 





THE MILFORD RIVET & MACHINE CO. 


855 Bridgeport Ave. 996 West River St. 
MILFORD, CONN. ELYRIA, OHIO 





inquiries may also be addressed to our subsidiary: 
THE PENN RIVET & MACHINE CO., PHILADELPHIA 33, PENNA. 
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which, converted to reyns, is p = 10.78 x 1.45 x107 = 
15.63 x 10-7 reyns (lb-sec per sq in.). 


At initial conditions, hy is 0.0003-in. The radial clear- 


ance mr is 0.0003-in., however, so that ho/mr is 1 and 
from Fig. 41 K is 18.85. The instantaneous velocity of 
approach, from Equation 34, is then given by 


wave 





-(K) 
m 
15.63X107XvX1.25X 18.85 


1037= 
(6.86 xX 10-*)3 





v=0.00908 in. per sec 


Repeating this calculation for a succession of other 
values and plotting, the curve shown in Fig. 42 results. 
The average velocity can be obtained in a number of 
ways, and is about 0.0041 in. per sec. The time for the 
film to be reduced from 0.0003-in. to 0.00003-in. is then 


_ 0.0003— 0.00003 
0.0041 





=0.066 sec 


For an engine running at 3000 rpm the duration of the 
power stroke would be 0.01 seconds. 

Evidently the time required to produce a film of 
0.00003-in. between the pin and bushing is about seven 
times greater than the length of time the force is actually 
applied. If there is no interference with the pressure 
build-up in the film or in the recovery of the film before 
the next application of load, this hydrostatic cushioning 
effect should prevent metal-to-metal contact. Oil holes, 
grcoves and reliefs should be located with this effect in 
mind. When properly designed the instantaneous load- 
carrying capacity of piston-pin type bearings, knuckle 
bearings, crossheads and other similar bearing surfaces 
can be very great. Relative sliding velocity can become 
momentarily zero without film breakdown if the hydro- 
static cusnioning phenomenon exhibited by the viscous 
film is aliowed tg function. 

In the series on hydrostatic lubrication, of which this is 
the ccncluding article, many kinds of load-carrying de- 
vices have been discussed, demonstrating the ease with 
which the simple concepts of hydrostatics can be applied 
to machine design. Oil pad bearings, oil lifts, step bear- 
ings and oil cushions have been but representative ex- 
amples and the potential field of application is extremely 
great. The ability to support a wide range of loads can 
be fortunately coupled with vanishingly small coefficients 
of friction. Where impact forces or loads of short dura- 
tion are encountered hydrostatic lubrication may well pro- 
vide the happy solution. It is felt that when the basic 
simplicity and ease of application of this principle is more 
widely recognized, the designer will make increasingly 
greater use of its capabilities. (End of Series) 
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By K. A. Ruger, President 
Ruger Equipment Co., Inc., Cleveland 14, Ohio 


OLLOWING the modern trend in machine design, the 
new Ruger 10-ton portable hydraulic arbor press was de- 
signed for arc welded steel construction for two reasons: (1) 
because we have found arc welding is generally the most eco- 
nomical fabricating process; (2) to achieve the greatest strength 
from the least weight. The Ruger press can easily be moved 


from place to place by one man as the total weight is only 
about 100 Ibs. 


Fig. 1 shows the component parts. The plates are SAE 1020 
mild steel, cut out on a flame-cutting machine guided by 
templates. The two side plates are braked to a 11%” offset so 
they are closer together at the top. The base angles are formed 
from 3%” flat plate on a brake and the corners rounded on the 
flame-cutter. The cylinder cover is seamless steel tubing bored 
out to take the hydraulic cylinder. 


The sides, angles, spacer plate and cylinder cover are as- 
sembled in a jig and tack-welded together. Nearly all welding 
is done in this jig, which is tilted to various positions for 100% 
downhand welding. Fig. 2 shows the cylinder cover being 
welded to the side plates. 


Maximum welding speed is obtained by using Lincoln 
**Fleetwelding”’ technique—single pass, deep penetration welds 
in downhand position. “‘Fleetweld 11” electrode is used be- 
cause of its speed, penetration and smooth concave bead which 
requires little finishing. 


The side plates are welded to the base angles with the jig 
at a 45° angle (Fig. 3) to make single-pass fillets. The spacer 
plate is welded to sides with 1” intermittent welds and the ends 
of the base angles are butt-welded to the sides. The press is 


Arbor Press of Welded Design Is 
Stronger, Lighter, More Economical 











Fig. 2. Welding cylinder cover to the side plates. 


then removed from the jig, turned upside down and the angles 
joined to bottoms of the side plates with deep groove butt welds. 


The cylinder welds are then ground down flush with the 
sides, and the other welds cleaned with a grinder. The hydraulic 
pump assembly is installed and a 16-gauge sheet metal cylinder 
cap is welded on with ‘“‘Fleetweld 7,’’ which makes a convex 
bead for a neat, rounded appearance. Then the unit is painted 
and crated. 

Fig. 4 shows the completed press. Its overall dimensions are: 
2314” high, 1114” wide and 20” long from front to back. The 
throat height is 11” and ram stroke is 654”. Ram automatically 
retracts to top position by a built-in counter balance. 





Fig. 1. Component parts of the Ruger Press. 


Fig. 3. Welding base angles to 


Fig. 4. The completed press. 


side plates. 


The above is published by LINCOLN ELECTRIC in the interests of progress. 
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For Studies in Machine Design, write The Lincoln Electric Company, Dept. 356, Cleveland 1, Ohio. 









































BRIGGS & STRATTON 


VALLE Uf 
A 





AIR- 
COOLED. 
POWER 





The 27-year record of proved performance 
by more than 3 million Briggs & Strattor 
engines is conclusive proof of the value of 
long experience. Today’s Briggs & Stratton 
4-cycle air-cogled engines assure all that is 
best in dependable, trouble-free operation — 

because more experience is built into them than 

in any other air-cooled gasoline engines. 


BRIGGS & STRATTON CORPORATION 
Milwaukee 1, Wisconsin, U.S.A. 





BUSINESS AND 
SALES BRIEFS 


NEW division has been created by Spun Steel Corp., 
Cantcsn, O., to develop and market spun steel products 
for the parent company, Automatic Products Corp., New York: 


o 


Previously chief design and development engineer at 
Wilson Mechanical Instrument Co. Inc., David F. Sklar has 
formed the Kent Cliff Laboratories, Peekskill, N. Y. The new 
organization is available for consultation, development and 
the manufacture of hardness testing equipment and _asso- 
ciated apparatus. 

ry 


Appointment of G. L. Pike, 10 Winnemere St., Malden 4, 
Mass., to serve as sales representative in all the New England 
states has been announced by Gibson Electric Co., Pittsburgh. 


e 


Reliance Electric & Engineering Co., Cleveland, now oc- 
cupies its plant in Ashtabula, O. This move frees space in the 
Cleveland plant for new experimental and engineering de- 


partments. 
+ 


With headquarters at 908 Stephenson Bldg., Detroit, J. C. 
Hurley has been named manager in charge of original equip- 
ment sales of The Aro Equipment Corp., Bryan, O. Mr. Hurley 
has been connected with the automotive and farm implement 
industries for sixteen years, serving in a technical and sales 
capacity covering all phases of lubricating equipment prob- 
lems. 

x 


Changes in the personne] of its district offices have been 
announced by SKF Industries Inc. They are: Appointment of 
Roy C. Norton Jr. as a field engineer in the Hartford, Conn., 
district office; transfer of I. J. Torkelson, field engineer, from 
Chicago to the branch at Milwaukee; and a >p:intment of R. 
M. Parrish to the sales staff of the Portland, Ore., district 
office. 

° 


Simmonds-Folkening Co., 20 North Wacker Drive, Chicago 
6, has been named to serve as representative in the Chicago 
territory for Newark Wire Cloth Co. 


¢ 


A New York branch office has been opened by Commercial 
Filters Corp. at Room 1501, 92 Liberty St., New York 6. 
James M. Morrison is New York district manager, assisted 
by Harold C. Corwin. Orders and inquiries should be directed 
to the New York office since the sales agency agreement with 
Messrs. King and Shepherd has been terminated. 


e 


Recent appointments have been announced by Twin Disc 
Clutch Co., Racine, Wis. They are: C. F. Mohrbacher, as- 
sistant sales manager of the Racine Division; A. E. Young, dis- 
trict manager of the West Coast territory, including California; 
E. H. Bennett, district manager of the Eastern territory, with 
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HANSEN 


COUPLINGS 
DO BOTH 


Connections and change-overs become a 
matter of seconds when you use Hansen 
Couplings. That means time and money 


saved with no hold-up of costly operations. 


Hansen couplings are toughly constructed 
for hard abuse, yet carefully and simply de- 
_.Signed for finger-tip control. Merely insert 
plug in socket and coupling is connected; 
a slight pull on the sleeve and it is dis- 
connected. No twisting or manipulating of 
parts, no leakage. Complete swivel action 
prevents kinking of hose. Made for air, oil, 
grease, oxygen and acetylene to handle 


pressures from ounces to 10,000 pounds. 


. Write for folder describing 
Hansen couplings for industrial uses. 





REPRESENTATIVES 


New England States: indiana, Wisconsin: 
A. 0. GEIGER, Belmont, Mass. NEFF ENGRG. CO., Ft. Wayne, ind. 
Eastern, Southern States: Central Western States: 
6-8 ENGRG. CO., Baltimore, Md. JOHN HENRY FOSTER CO. 
Northern Ohio: St. Lovis, Mo., Minneapolis, Minn, 
f. & W. URSEM CO., Cleveland, C. Western, Southwestern Stotes: 





j Southern Ohio, West Va., Ky.: BURKLYN CO., Los Angeles, Calif. 
STEINHAGEN AIRLINE Northern Calif., Nevada: 
THE HANSEN MANUFACTURING CO. /Mecsieem Set 
« Northern IUil., Eastern lowa: Michigan: 


°6 EAST 27th STREET ° CLEVELAND 14, OHIO 











e e e AS CLEAN AND 
SHARP AS YOU CAN DRAW 


Special mechanical processing gives Arkwright Tracing 
Cloths a translucence that produces perfect reproduc- 
tions. That’s why there are no distortions or “ghosts”, 
caused by pinholes, specks or thin spots . . . simply 
clean, sharp lines. 


Arkwright has been préferred for over 25 years, because 
of its unique ability to produce prints just as crisp 
and precise as it is possible to draw . . . and do this 
months and even years after tracings have left the 
board. Arkwright literally “builds” permanent trans- 
parency into every sheet by a special mechanical process. 
Arkwright tracings reproduce as if nothing but the lines 
were going through the printer. 


And this cloth never becomes brittle with age. It can 
take erasure after erasure without wearing through. 


Check these things yourself at our expense. Send for free 
working samples. Test them thoroughly . . . you’ll soon’ 
see what we mean when we say “lines as clear as if 
suspended in air’. Arkwright Finishing Co., Providence, 
Rhode Island. 


* 
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headquarters in the Newark office; J. B. Jenkins, district - 
manager of the Michigan territory, with headquarters in the 
new sales office in Detroit which will be opened shortly; P. G. 
Tyrrell, assistant district manager of the territory served by 
the new Los Angeles office; P. W. Wahler, assistant district 
manager of the territory served by the Seattle factory branch; 
and Wade A. Eskridge, assistant district manager of the mid- 
continent territory to take charge of operations in the Tulsa 
office. H. A. Davis, manager of the mid-continent territory, 
had shifted his headquarters from Tulsa to Dallas. W. L. 
Dixon will continue to be with the Newark office as consulting 


sales engineer. 
. 


John F. Cunningham Jr. has been appointed manager of 
the J. P. Devine Mfg. Co. plant at Mt. Vernon, IIl., according 
to a+recent announcement by H. K. Porter Co. Inc. 


° 


Completion of a new plant at Pittsfield, Mass., has been an- 
nounced by the chemical department of General Electric Co. 
This will double the company’s capacity to produce magnesium 


oxide. 
© 


Assistant sales manager for the past five years, Frank U. 
Hayes has been named sales manager of the Bullard Co., 
Bridgeport, Conn. He succeeds E. Payson Blanchard, who has 
been appointed director of sales. Mr. Blanchard will be in 
charge of general administrative sales policies while’ Mr. Hayes 
will be responsible for executive sales functions. 


° 


Bingham Stamping Co., Toledo manufacturer of brake lever 
assemblies and other stamping products, has merged with Her- 
brand Corp., Fremont, O., maker of standard tools and special 
drop forged parts. Both the plants will continue in operation 
under the name of Bingham Stamping Co. 


° 


Appointment of Wilber F. Pray as New York district man- 
ager has been announced by Askania Regulator Co. The office 
is located in the building of the parent company, General 
Precision Equipment Corp., at 92 Gold St., New York 11. 


¢ 


Previously eastern district manager of Emerson Electric Mfg. 
Co., Robert O. Dehlendorf has joined the sales staff of Jack 
& Heintz Precision Industries Inc., Cleveland. He will serve 
as Eastern district sales manager of the electric motor division. 


e 


Wel-Met Co., Kent, O., subsidiary of S. K. Wellman Co., 
has been purchased by a group of Cleveland and Hudson 
business men. T. L. Robinson of Hudson is president of the 
new company; H. Leslie Kinney of Cleveland, executive vice 
president in charge of sales; and Leo R. Kuntz, Cleveland 
industrialist, secretary and treasurer. Sales headquarters have 
been established in Cleveland at West 58th St. and Walworth 


Ave. 


o 


In charge of the New York branch office for the past twenty 
years, Richard M. Paxton Jr. has been elected a vice president 
of Jessop Steel Co., Washington, Pa. 


e 


e 


Changes in sales personne] have been ‘made recently by 
Bethlehem Steel Co., Bethlehem, Pa. J. M. Ellis, formerly 
general manager of sales, has been appointed assistant to vice 
president. He is succeeded by K. L. Griffith, who formerly 
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FOR.A WIDE RANGE OF USES, such as transferring hot 
tar and asphalt, or shielding an airplane’s ignition 
system to eliminate interference with radio and radar, 
there is a flexible product of American Metal Hose— 
specifically engineered for the job. 

Wherever vibration, misalignment or connecting 
moving: parts creates a problem in the conveyance of 
steam, oil, water and other liquids or gases, a most 
economical and efficient solution can usually be found 
in the American line: 

American Metal Hose is available in brass, bronze, 
aluminum, steel, and other metals, some of these in 
sizes up to 12” I.D.—made from strip in four spirally 
wound types. American Seamless Flexible Metal Tub- 
ing, as flexible as garden hose and as leakproof as the 
seamless bronze tube from which it is made, is stand- 
ard in sizes Ye” to 4” I.D. Either hose or tubing can 


American Steel Interlocked Flexible Tar and 
Asphalt Hose is here being used on tank car 
unloading equipment made by the Cleaver- 
Brooks Company of Milwaukee, Wisconsin. 
This type of hose is ideal for conveying hot 
tar and asphalt, since it is adapted to rough 
handling and is unaffected by the heat and 
chemical action involved in such use. 


be furnished complete with fittings to your exact 
specifications. 

Descriptive literature will be mailed on request, and 
our Technical Department will be glad to help on 
exceptional problems. sro 


METAL HOSE 


THE AMERICAN BRASS COMPANY 


! American Metal Hose Branch 
General Offices: Waterbury 88, Connecticut 
Subsidiary of Anaconda Copper Mining Company 


In Canada: THE CANADIAN FAIRBANKS-MorsE Co., LTD., 
Montreal 3, Canada 
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was assistant general manager of sales. Mr. Griffith is suc- 
ceeded in turn by D. C. Roscoe, who previously was man- 
ager of sales of sheets and strip. Replacing Mr. Roscoe is 
A. T. Hunt, who formerly was manager of sales of galvanized 
sheets and formed products. M. C. Schrader, assistant to the 
general manager, has been azpointed assistant to the vice 
president. 


A central sales district with offices in Chicago has been 
formed by the technica] products division cf Corning Glass 
Works. John D. Brown, previously with the industrial sales 
department, has been appointed manager of the new district. 
Hugh Harris has been named manager of the Chicago office. 


* 


Aluminum Co. of America, Pittsburgh 19, has announced 
the retirement of George J. Stanley as vice president and 
general sales manager. Succeeding him will be R. V. Davies, 
who formerly served as assistant general sales manager in 
charge of the company’s sales engineering and sales develop- 
ment activities. Also announced are the promotions of Robert 
B. McKee and Donovan Wilmot from assistant general sales 
managers to vice presidents. 


With headquarters at 3701 North Broad St., Philadelphia, 
George E. Smith has been named to serve as a representative 
and engineer in the Middle Atlantic district for Kennametal 
Inc., Latrobe, Pa. 


. 


John H. Biggs has been appointed Rochester representative 
of Brown & Sharpe of New York Inc. In his new position he 





succeeds Earl P. Leeds who joined the general sales staff at 
the Providence cffice of Brown & Sharpe Mfg. Co. 


¢ 


Headquarters of Carbomatic Corp. are being removed from 
117 West 63rd St., Manhattan, to a new plant at 24-S1 47th 
St., Long Island City, N. Y. Manufacturing and engineering 
facilities will be expanded, and an enlarged advisory service 
will be available to give effective guidance in the modern 
techniques of heat processing with infra-red. The company 
expects to maintain a branch sales office in Manhattan. 





MEETINGS AND 
EXPOSITIONS 


Society of Automotive Engineers Inc. Tractor meeting to be held at 
Hotel Schroeder, Milwaukee. John A. C. Warner, 29 West 39th St., 
New York 18, is secretary and general manager. 


Sept. 17-26— 

National Machine Tool Builders’ Association. Machine tool show and 
congress to be held at Dodge-Chicago plant of the Tucker Corp., Chi- 
cago. Tell Berna, 10525 Carnegie Ave., Cleveland 6, is general man- 
ager of the association. 


Oct. 2-4— 
Society of Automotive Engineers Inc. Aeronautic (fall) meeting and 

aircraft engineering display to be held at Biltmore Hotel, Los Angeles. 

John A. C. Warner, 29 West 39th St., New York 18, is secretary and 

general manager. 

(Concluded on Page 200) 








REFER IT TO 


Wis 


Automatic Devices Co., Allentown, Pa., uses 
a Special Horizontal type WHS Worm Gear 
Speed Reducer on their Automatic Curtain 
Control Machine at right. This reducer was 
specially designed to meet their specifications 
of curtain separation at 5 feet per second with 
a ¥2 H.P. motor. 








Have you seen our pocket Catalog 147, giving 
technical information on the most complete 
line of Speed Reducers available from any 
one .source? Perhaps the answer to your 


WINFIELD H. 


problem is one of these many standard 
models. If not, feel free to take advantage of 
the versatile experience of the WHS Engi- 
neering Department to meet your special 
requirements. 






roy % 


SMITH CORPORATION 


16 ELTON STREET...SPRINGVILLE...ERIECOUNTY...NEW YORK 
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Plastics where plastics belong using insulating and mechanical qualities 
Synthane, a phenolic plastic, has a rare combina- 
tion of mechanical, chemical, and electrical proper- 
ties that fit it for a host of useful applications. It is 


fo ip. corrosion and moisture resistant, dense, structurally 
\ strong and may be easily worked. An excellent 
NS electrical insulator, Synthane is extremely light 


(about one-half the weight of aluminum). 
An example of the use of technical plastics is 
this timing device which uses Synthane for its cams. 


The Cam Timer (above) is the heart of an automatic 
system designed to control the flow of exhaust 
gases through a stack in a lampblack plant. 

The timing cams are made of Synthane because 
Synthane is, first of all, an effective electric insula- 
tor. Synthane cams operate noiselessly, virtually 
without friction, and calibrations are easily printed 
on them by the Synthographic process. 

If there’s a use in your plant for Synthane, why 
not let us help you before you design? Write for 
our complete catalog of Synthane plastics today! 
Synthane Corporation, 5 River Road, Oaks, Pa. 


SYNTHANE), 


DESIGN . MATERIALS - FABRICATION - SHEETS ROOS .TUBES 
FABRICATED PARTS -MOLDED-MACERATED - MOLDED LAMINATED 





where Synthane belongs 

















/ee Belf Pifley 








SYNTHANE CORPORATION, OAKS, PENNA. 


Representatives in all principal cities 
Plan your present and future products with Synthane Technical Plastics * Sheets 
Rods « Tubes « Fabricated Parts * Molded-laminated * Molded-macerated 





















New 21-ton automatic crankshaft lathe 


relies on Timken bearings 


RFORMING fast, precision 
machining operations automat- 
ically on automobile crankshafts 
requires a high degree of spindle 
rigidity and accuracy. That’s why 
in the 21-ton LeBlond automatic 
crankshaft lathe, the spindle is 
mounted on Timken tapered roller 
bearings. 

Timken bearings may be pre- 
loaded to any desired degree to 
keep spindles accurate. The line 
contact between tapered rolls and 





See the 


TIMKEN EXHIBITS 


at the 


MACHINE TOOL SHOW 
Spaces 317-D and 317-H 


September 17-26 


races and the Timken fine alloy 
steel of which the bearings are 
made permit Timken bearings to 
carry heavy loads with minimum 
deformation and wear. Free, fric- 
tionless rotation is assured by 
true rolling motion, incredible 
smoothness of finish and precision 
manufacture. And the tapered con- 
struction of the Timken bearing 
carries both radial and thrust loads, 
or any combination of the two. 

If the machine tools you buy or 


The hollow 
LeBlond 21. 
Crankshaft lat 
©n two Tim 
like the One s 
S€Ction here. 
ing 


build can benefit from increased 
spindle rigidity and longer bearing 
life, get in touch with The Timken 
Roller Bearing Company. Because 
of unique desigh features and the fine 
alloy steel of which Timken bear- 
ings are made, no other bearing can 
give you as great a combination 
of advantages. The Timken Roller 
Bearing Company, Canton 6, Ohio. 


This symbol on a product means 
its bearings are the best. 





THE R. K. LeBLOND 


MACHINE TOOL 
COMPANY ASSURES 
PRECISION WITH 
BEARINGS LIKE THis 


SPindle of the 
ron automatic 
he is mounted 
ken bearings 
hown in cross 
Size of bear. 


—25%" I.D., 29” 


1%” wide. 


TIMKEN 


TAPERED 
ROLLER BEARINGS 





! Ly 
NOT JUST A BALLC) NOT JUST A ROLLERO— THE TIMKEN TAPERED ROLLERC— BEARING TAKES RADIAL) AND THRUST—@)~— LOADS OR ANY COMBINATION sue 
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Typical of the high quality con- 
struction of this 8” x 10%” Diesel 
engine by the Wolverine Motor 
Works, Bridgeport, Conn., are the 
RITCO Quality Bolts and Nuts 
used in its connecting rods. 


DIESEL BOLTS 


RITCO Diesel Engine Bolts and Studs have the 
high strength and accuracy essential to top 
Diesel performance. They are built for heavy 
duty service, with precise threads and surfaces 
highly finished to close tolerances. RITCO Con- 
necting Rod Bolts and Nuts are made in any 
metal up to 2” diameter, exactly to your blueprint. 


Remember RITCO For 


SPECIAL BOLTS, NUTS AND STUDS © ALLOY STEEL 
STUDS © MILLED BODY BOLTS © DROP FORGING 
HEAT TREATING 


Let us quote on your specifications 


RHODE ISLAND TOOL COMPANY 


148 WEST RIVER ST., P. O. BOX 1516 
PROVIDENCE 1, R. I. 


Serving American Industry Since 1834 











(Concluded from Page 196) 
Oct. 6-7— 
Packaging Machinery Manufacturers Institute. Fifteenth annual meet- 


ing to be held at Hotel Sheraton, Springfield, Mass. H. L. Stratton, 342 
Madison -Ave., New York 17, is secretary. 


Oct. 6-8— 

American Society of Mechanical Engineers. Petroleum mechanical en- 
gineering conference to be held at Houston, Tex. Additional informa: 
tion may be obtained from headquarters of the society at 29 West 39th 
St., New York 18. C. E. Davis is secretary. 


Oct. 18-24— 

National Metal Exposition to be held at International Amphitheatre, 
Chicago. Chester L. Wells, 7301 Euclid Ave., Cleveland 38, is assistant 
managing director of the exposition. 


Oct. 20-21— 

Society of Automotive Engineers Inc. .Production meeting to be held 
at Carter Hotel, Cleveland. John A. C. Warner, 29 West 39th St., New 
York 18, is secretary and general manager. 


Oct. 20-22— 

American Society of Mechanical Engineers. .Joint meeting of the fuels 
division with the coal division of the American Institute of Mining and 
Metallurgeal Engineers to be held at Cincinnati, O. Additional infor- 
mation may be obtained from ASME headquarters at 29 West 39th St., 
New York 18. C. E. Davies is secretary of ASME. 


Oct. 20-23— 

American Institute of Mining and Metallurgical Engineers. Annual fall 
meeting of the iron and steel division and the institute of metals division 
to be held at Stevens Hotel, Chicago, in conjunction with the National 
Metal Exposition. Ernest Kirkendall, 29 West 39th St., New York 18, is 
secretary of the institute. 


Oct. 20-24— 

American Society for Metals, Annual meeting to be held at Palmer 
House, Chicago, in conjunction with the National Metal Exposition. W. 
H. Eisenman, 7301 Euclid Ave., Cleveland 3, is secretary of the society. 


Oct. 20-24— 

American Welding Society. Annual meeting to be held at Sherman 
Hotel, Chicago, in conjunction with the National Metal Exposition. M. 
M. Kelly, 33 West 39th St., New York 18, is secretary of the society. 


Oct, 20-24— 

American Industrial Radium and X-Ray Society. Annual meeting to 
be ‘held at Continental Hotel, Chicago, in conjunction with the National 
Metal Exposition. Philip D. Johnson, 53 West Jackson Blvd., Chicago 4, 
is ‘secretary of the society. 


Oct. 30-Nov. 1— 


American Society of Tool Engineers. Fifteenth semiannual meeting to 
be held at Statler Hotel, Boston. Harry E. Conrad, 1666 Penobscot 
Bldg., Detroit 26, is executive secretary. 


Nov. 3-5— 


National Electronics Conference, sponsored by American Institute of 
Electrical Engineers and Institute of Radio Engineers, to be held at 
Edgewater Beach Hotel, Chicago. Additional information may be ob- 
tained from H. S. Renne, Publicity, Room 2114, 185 North Wabash 
Ave., Chicago 1. 


Nov, 5-7— 


American Society of Body Engineers Inc. Annual convention to be 
held at Rackham Memorial Bldg., Detroit. Otto Graebner, Murray Corp., 
Detroit, -is secretary. 


Nov. 6-7— 


Society of Automotive Engineers Inc. Fuels and lubricants meeting to 
be held at Hotel Mayo, Tulsa, Okla. John A. C. Warner, 29 West 39th 
St., New York 18, is secretary and general manager. 


Oct. 27-29— 


American Gear Manufacturers Association. Semiannual meeting to be 
held at Edgewater Beach Hotel, Chicago 14. Newbold C. Goin, Empire 
Bldg., Pittsburgh 22, is executive secretary. 
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Of the Machine Tool 
Manufacturers exhibiting... 


"74.2% buy NORGREN PRODUCTS 














RN 
THe 5 


74 2% are regular buyers of Norgren pneu- 
° matic equipment. — 















os incorporate Norgren equipment as inte- 
45.3 % gral parts of their products. 


EQUIPMENT THIS GOOD DESERVES 
YOUR EARLY ATTENTION 


Ask our Design Engineer, at the Show (Booth 
No. 37A), how NORGREN Lubricators, Lubro- 
Control units, Regulating Valves, filters and other 
products create larger profits through better per- 
formance, greater production and lower mainte- 
nance costs of air-driven tools and cylinders. 


C. A. NORGREN CO. 
222 SANTA FE DRIVE 
DENVER 9, COLORADO 


4 i A 
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To get the number of fastenings you need . . . order 
by quantity. But more important, to get the accu- 
racy and holding power you need...order by quality. 
_ All Chicago Screw fastenings are of the highest 
quality, manufactured from the finest materials and 
unsurpassed for strength, accuracy and clean, true 
threads. 

The knowledge, facilities and experience acquired 
during 75 years of manufacturing fine threaded 
products has resulted in a line of fastenings ideal!: 
suited to all modern production methods. 


Chicago “SAFETY PLUS” line includes: 


Socket Head Cap Screws @ Socket Set Screws e Stripper 
Bolts @ Square Head Dog Point Set Screws e Socket Pipe 
Plugs @ Keys for “Safety Plus” Products. 


' Complete line includes: 


Hexagon Head Cap Screws e@ Square Head Cup Point 

Set Screws e Headless Set Screws e Fillister Head Cap 

Screws e@ Flat Head Cap Screws e Taper Pins e Milled 

Studs e Semi-Finished Hexagon Nuts e Semi-Finished 
Hexagon Castellated Nuts. 


These Fine Products are sold only thru 
Authorized Distributors 


whi, ; 


1872 1947 


See us at the Machine Tool Show + Sept. 17 thru 29 * Booth 425 


THE Cuicaco Screw Co. 


ESTABLISHED 1872 


1026 So. HOMAN AVENUE CHICAGO 24, ILL. - 








NEW MACHINES 


And the Companies Behind Them 


Air Conditioning 
Automatic humidifiers to operate in conjunction with unit heat- 


ers. Humidify or discharge chemicals into air by atomiza- 
tion. Maid-O’-Mist Inc., Chicago. 


Automotive 


Two light battery chargers, Of selenium-rectifier type, charge 
in 24 hours or less. General Electric Co., Bridgeport 2, 
Conn. 

Taximeter, small enough to fit into glove compartment. Glove- 
box Taximeter Corp., Houston 10. 


Chemical 

Tilting concentrator for concentration of fine sizes of heavy 
minerals, especially oxides, that are difficult to recover. 
Denver Equipment Co., Denver 17. 

Multi-louvre dryer (or cooler) for materials requiring short 
time and/or multiple drying temperatures. Link-Belt Co., 
Chicago. 

Metalworking 

Special machine for milling tailpipe flange and intake mani- 
fold joint face on exhaust manifolds. Cross Co., Detroit. 

Portable pipe thread machine. Cuts, reams and threads pipe 
of % to 2 in. in diameter. Larger sizes up to 8 in. may be 
handled with a special drive shaft. Century Engineering 
Co., Los Angeles. 

Open-back inclinable presses with nonrepeat clutch mech- 
anism insuring single-stroke operation. Federal Press Co., 
Elkhart, Ind. 

Two-dimension follcwer mounted on a vertical lathe control- 
ling cross and vertical movement of tool. Turchan Follower 
Machine Co., Detrcit 4. 

Hydraulic 10-ton assembly presses. Have maximum adjust- 
able stroke of 12 in. and power stroke speed of 180 in. per 
min. with a return stroke of twice that amount. Colonial 
Broach Co., Detroit 13. 

14-in. general-purpose, light-duty lathe. Has remote con- 
trolled belt shifting arrangement. Hendey Machine Co., 
Torrington, Conn. 

Flexible shaft machine. 
chine is available in five models. 
Chicago 22, 

Two power saws equipped with automatic length gage for % 
to 48 in. Peerless Machine Co., Racine, Wis. 

6-ton hydraulic press suitable for broaching and assembling, 
with steel work plate of 10 x 25 in. Acme Broach Corp., 
Lexington 47, ky. : 

Specia] automatic tool grinder. Has two stations independ- 
ently controlled. Length of grinding time tan be predeter- 
mined. Ex-Cell-O Corp., Detroit. 


Cabinet enclosed, the multispeed ma- 
Wyzenbeck & Staff Inc., 


| Vertical precision cylinder boring machine, especially suitable 


for automotive engine blecks, Ex-Cell-O Corp., Detroit. 

Grinder for small outside diametets, or irregular forms on 
small parts. Ex-Cell-O Corp., Detroit. 

Fully autcmatic piston boring machine. Bores at rate of one 
piston every 30 seconds. Ex-Cell-O Corp., Detroit. 

Ptecision thread grinder, hydraulically operated and electrical- 
ly controlled. Adaptable to different types, sizes and forms 
of work. Ex-Cell-O Corp., Detroit. 

Jig borer for holes up to 5 in. in mild steel or cast iron. Pro- 
vides variable spindle speeds, pushbutton controlled, with a 
range from 90 io 2400 rpm. Moore Special Tool Co., Ann 
Arbor, Mich. 

Electric powered, geared and, hand-operated index tables in 
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Engineers and Fabricators of Welded Steel Machine 
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Ilustrated here is a typical Mahon Steel- 

Weld job produced for American's foremost 

Press manufacturer. Your heavy base and frame 
requirements, regardless of size, shape, weight or 
construction, can also be met more economically with 
welded steel. Highly specialized Mahon design engineers 
are your assurance of every advantage of Steel-Weld Fabri- 
cation . . . and, complete modern facilities, plus crafts- 
men who are masters in the welding art, will turn out a 
more accurate job, and a finer appearing job every time. 


Address STEEL-WELD DIVISION 
THE S.C. RES CSC RPA SY 
DETROIT 11, MICHIGAN 
Bases and Frames, and Many Other Welded Steel Products 


~ 





diameters up to 48 in. Buhr Machine Tool Co., Ann Arbor, 
Mich. 

Two high-speed automatic screw and automatic cut-off ma- 
chines. Also a larger automatic with 1 and 1% in. capacity 
spindle. Brown & Sharpe Mfg. Co., Providence, R. I. 

Bench-type, high-speed precision profile grinder, with work 
table having a 4-way tilt. Milwaukee Chaplet & Mfg. Co., 
Milwaukee 4. 

Tapping machines containing a continuous flow lubricating 
pump. Procunier Safety Chuck Co., Chicago 6. 

Fine pitch gear generating machine, for either spur or helical 
gears of smallest diameter to 3 in., over a 30 to 200 pitch 
range. Illinois Tool Works, Chicago. 

60 in. x 60 in. x 20 ft capacity double housing, heavy-duty 
planers for rapid production. Liberty Planers Inc., Hamil- 
ton, O. 

Automatic double end driller for crossed holes. Machine :s 
hopper fed, drijls, reams, countersinks and checks at desired 
angles. Has eight working stations and a loading and un- 
loading station. Buhr Machine Tool Co., Ann Arbor, Mich. 

High-speed inclinable hydraulic press with pressures up to 50 
tons, and up to 100 strokes per minute. Hydraulic Press 
Mfg. Co., Mount Gilead, O. 

froduction bench tapper with selective full automatic cycle or 
hand operation with safety clutch. Tap diameters from 
No. 4 to 5/16 in. in cast iron, or % in. in steel. Buhr Ma- 
chine Tool Co., Ann Arbor, Mich. 

Double-end low-swing lathe equipped with automatic loader 
for turning valve guides. Seneca Falls Machine Co., Seneca 
Falls, N. Y. 

Wet model horizontal band saw, with 10 x 18 in. capacity. 
Johnson Mfg. Corp., New York 17. 

Cam feed machines for mass production of small parts. Na- 


tional Automatic Tool Co., Richmond, Ind. 

Spindle machine with complete electronic controls and four- 
way bed. Lucas Machine Tool Co., Cleveland. 

High-speed grinder in both pedestal and mounted types. Has 
%-hp special torque motor delivering 18,000 rpm. R. G. 
Haskins Co., Chicago 12. 

Precision surface grinder. Has combination finger tip control 
and automatic power feeds. Direct coupled hydraulic cyl- 
inder powers table movement. DoAll Co., Des Plaines, Il. 

Vertical milling machine. Three spindles provided for milling 
two top pads of clutch housing, two of which are mounted 
with interlocking cutters, Davis & Thompson Co., Mil- 
waukee 14. 

Special -automatic Grilling machine for truck rear-axle hous- 
ings. Performs in a single automatic cycle a number of 
drilling operations. Snyder Tool & Engrg. Co., Detroit. 

Smdll multidrilliag and tapping machines. Models provide 
hand and foot feed or combination hand and foot feed and 
air-oil feed, also air feed. Spindle arrangement may be 
changed. National Automatic Tool Co. Inc., Richmond, Ind. 

Pivoted blade shear capable of cutting 12 ft of %-in. steel 
plate, at 30 strokes per minute. Has 36-in. throat. Cleve- 
land Crane & Engineering Co., Wickliffe, O. 

Two hydraulic grinders: External and internal types. Both 
equipped with two heads to make a combination external- 
internal grinder, grinding work up to full swing over table 
of 9-in. diameter. The Greenby Mfg. Co., Plainville, Conn. 

Back-geared 3l-ton punch press. Bed area is 13 x 22 in. 
Stroke is 3 in., although shorter or longer strokes are avail- 
able. Diamond Machine Tool Co., Las Angeles. 

25-ton hydraulic press for pressing, straightening, bending, 
flattening, broaching, assembling, etc. Manco Products Co., 
York, Pa. 











AMUSEMENT RIDES 


“ON THE JOB” 












The eh 
Allis-Chalmers 
W-25 Power Unit 





provides economical, 


&, ear ¥al reliable power for 


eis cers oo this Spitfire Plane ~~ 


es ie 





See tia 




















Amusement rides must have power that can be depended 
upon — all day every day — to avoid costly shut downs 
during the short working seasons. That’s one reason 
amusement equipment manufacturers and users both 
like heavy-duty Allis-Chalmers Power Units. Designed 
for tough tractor use, these rugged engines serve faith- 
fully with little servicing attention. Their substantial 
steel bases make moving easy; enclosed models are well 
protected, attractive in appearance. 


Investigate reliable A-C Power Units for your own 
products. Production-line built, their first cost is low—so 
are operating cost and upkeep. They are high in torque, 
handle any power job, steady or intermittent. Accesso- 
ries to fit various applications. Choice of fuels. Service ALLIS:CHA LMERS 
facilities are nation wide. Our power engineers will ' MILWAUKEE 1. U.S.A. 
gladly help select the unit for your requirements. 


POWER 
UNITS 
Five Sizes 





OPEN STYLE 


ENCLOSED 


Model B-15........ 4Cyl., 24 Max. B.HP. at 1500 R.P.M. 
_Model W-25........ 4 Cyl., 31.5 Max. B.HP. at 1300 R.P.M. 
Model U-40........ 4Cyl., 45 Max. B.HP. at 1200 R.P.M. = 
Model €-60........ 4Cyl., 74 Max. B.HP. at 1050 R.P.M. 
Model L-90........ 6 Cyl., 110 Max. B.HP. at 1050 R.P.M. 








RACTOR DIVISION « 
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ZINC 
UP 110% 


COPPER 
UP 95% 


IRON and STEEL 
UP 40% 


[947 


ALUMINUM 
DOWN 


30% 





@ If all prices had gone the way of aluminum the cost of living 
would be cut in half. 











; Aluminum today is cheaper, more abundant, and of greater 
TODAY'S DOLLAR BUYS usefulness than ever before in history. Great new alloys open 
up new horizons to industrial America: 
Today strong, light, rustproof Reynolds Aluminum is success- 
49% LESS COPPER fully used in hundreds of fields, thousands of products. More 
LESS and more engineers, architects, and manufacturers are finding 
30% IRON and STEEL “you can do it better with aluminum.” 
l ESS Consider Aluminum . . . Consult Reynolds. Reynolds techni- 
67% LEAD cians will be glad to discuss with you the many new ways in 
which aluminum is serving industry. Write Reynolds Metals 
53% LESS ZINC Company, 252; South 3rd St., Louisville 1, Kentucky. 
BUT QUICK FACTS ABOUT ALUMINUM 
It’s strong— New Reynolds Alumi- It’s durable—Aluminum won’t rust 
MORE num alloys have strengthsequaltoor ...requires no protective painting. 
than structural steel. 
43% sone see ALUMINUM ee en It’s easy to work with—Aluminum 
It’s light—Aluminum weighs only 4% is easily formed, shaped, riveted, 
as much as steel. welded, and machined. 








REYNOLDS 
THE GREAT NEW SOURCE OF Bb LS 8, Mie we 2165 
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Taking a ball bearing apart before it’s made is one sure 
way of getting the jump on service failure due to material 
weakness. So Federal metallurgists probe the microstruc- 
ture of unhardened and hardened bearing steel, enlarge 
cross-sections as much as 2,000 diameters to evaluate their 
physical fitness, analyze the carbon, chrome and other alloy 
content and confirm their acceptance to Federal standards. 

From the outset, through all of the over 100 individual 
manufacturing, inspection and cleaning operations that go 
into a Federal Ball Bearing, the pattern of performance- 
to-be is thoroughly gaged. Every fourth operator is an in- 


spector on the alert for any trouble spot from one manu- 
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Magnifying 
a bearing’s 


trouble spots 


facturing operation to the next...ball to final assembly. 

Whether it be tolerances, fit or finish—Federals are pre- 
cision-engineered for frictionless operation...whatever the 
service requirement. And they’re made in every type and 
size. Let the Federal representative nearest you tell you 


more about them. Send for catalog “K?’ 


THE FEDERAL BEARINGS CO., INC. - POUGHKEEPSIE, NEW YORK 


REPRESENTATIVES LOCATED AT - 


Detroit: 2640 Book Tower—26 * Cleveland:+:402 Swetland Building—15 
Chicago: 8 S. Michigan Ave.—3 * Los Angeles: 5410 Wilshire Blvd.—36 


FEDERAL BALL BEARINGS 


ONE OF AMERICA’S LEADING BALL BEARING MANUFACTURERS 
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THE UNITED STATES GRAPHITE COMPANY - SAGINAW, 
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Diiciency, smoothness, and indedoined power, thanks to Twin Dise 
Clutch Co. and Graphitar. Twin Dise manufactures hydraulic 
* drive units in 1 to 300 HP models. Installed, as illustrated, in the 
Twin Disc Small Hydraulic Coupling (1 to 25 HP), the Graphitar 
seal assures a long-lasting close fit, because it is unusually 
resistant to wear, warp, chemical attack . . . and its 
dimensional stability is not affected by 


temperature extremes. 


ydraulic power unit 
and dependably 





Graphitar seals, cylinder liners, bearings, vanes, and other 
parts are improving the efficiency of scores of mechanisms,. 
because of Graphitar’s many unusual characteristics. It 
is self-lubricating, chemically inert, and mechanically 
strong. It will not melt or fuse at any temperature. It is 
featherweight. We are equipped to mold Graphitar to 
any practical shape and size and to finish parts to toler- — 
ances as close as .0005” in small sizes. Send us sketche: 
your products and our engineers may show ] 
Graphitar parts will improve mechanical 
and save you .money. Ask for 44-p 
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utting Oils Re-claimed Automatically... 


with the help of... 
a \CO 
bi (Aluminum- 


NICKEL— 


S Cobalt—Iron 








BARNESDRIL AUTOMATIC 
MAGNETIC COOLANT SEPARATOR... 


pictured to show operation. Coolant from the 
work flows, as pictured, around a revolving 
drum that carries Alnico magnets on its inner 
face. On its outer face, the magnetic swarf 
fastens endwise over each magnet. Traveling 
with the drum toward a scraper, the swarf 
fine-combs most of the other entrained non- 
magnetic particles from the coolant. Standard 
sizes handle 5, 10, 20, 40 or 100 gal. per min. 


Here’s an open view of a separator that completely frees 
machine operators from the task of keeping coolants 
clean. 

Fully automatic, this type reclaims as much as 100 
gallons of oil per minute. 


Developed and produced by Barnes Drill Co. of Rock- 
ford, Ill., the equipment incorporates a series of Alnico 
permanent magnets containing 20 per cent Nickel, 
which contribute fundamentally to the unique efficiency 
of this separator. 












SEMBLeM OF 








5S 


TRADE MARK 





THE INTERNATIONAL NICKEL COMPANY, INC. 
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Clean coolant supply 


from work 









The exceptionally high magnetic properties of Alnico, 
an aluminum-Nickel-cobalt-iron alloy, permit designs 
that were technically impossible with older materials. 
Compared with the latter, Alnico reduces space and 
weight requirements to practical limits. 

Nickel, an essential element in Alnico, also improves 
hundreds of other alloys for applications in the machine 
tool industry. 

We invite consultation on the use of Nickel or Nickel 
alloys in your products or equipment. 


Over the years, International Nickel has accumulated a fund of useful information 
on the selection, fabrication, treatment and performance of engineering alloy steels, 
SERVICE ed stainless steels, cast irons, brasses, bronzes and other alloys containing Nickel. This 

information is yours for the asking. Write for “List A” of available publications. 


67 WALL STREET 
NEW YORK 5, N. Y. 








Coolant flow 
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-WITH TREES 
-WITH MEN 
-WITH ALL 





BOLTED ASSEMBLIES 











Unless trees were natural springs, every 
high wind would snap them off. 





Unless your body had plenty of spring 
action, you'd jounce yourself to an early 
death—jumping, running or even walking. 


Unless your bolted assemblies have 
‘Spring action they'll inevitably jounce 
and wear themselves loose. The spring in 
Kantlink spring washers eases all shocks 
and all wear. It's the spring that compen- 
sates for initial looseness caused not only 
by wear of metal on metal, but by bolt 
stretch, by rust, flares, etc. 


A tight nut, even though it never turns a 
hair on the bolt, is not enough to stop the 
other parts from wearing loose 


You must use a spring—there is no sub- 
stitute. 


For real bolted security specify Kantlinks. 
Send today for descriptive folders. 





Originators of 





the long-range spring washer 


Made to accord with the new ASA specifications 


IS THE SECRET 





































This cigarette holder 


‘filters eo" 


You won't find this unusual type of ‘‘cigarette 
holder” anywhere but in a cigarette manu- 
facturing plant. It’s made of the “hardest metal 
made by man”’,. . Carboloy Cemented Carbide. 

Its job is to stop excessive wear on the hold- 
ers (or “ledger guides’’) that feed continuous 
cigarette lengths past cutters. Soft but abrasive 
cigarette paper wore out former hardened steel 
guides rapidly, causing costly downtime. 
Carboloy to date has kept these holders operat- 
ing 12 times longer... still shows no sign of 


wear! With millions of cigarettes produced 
daily those extra periods of continuous opera- 
tion mean important savings. 

Will relief from excessive wear solve one of 
your plant-operating or product-design prob- 
lems also? Then investigate Carboloy Hard 
Metal. It’s solving costly wear problems every 
day on everything from fish rods to tabulating 
machines. Carboloy Company, Inc., 11113 E. 
8 Mile Bivd., Detroit 32, Michigan. 


TO REDUCE WEAR ON 
MACHINES AND PRODUCT PARTS 


MACHINE DesicN—September, 1947 


















SELECT FROM 101 INDIVIDUAL 
‘ GROUPS OF PRODUCTS 
There are 101 groups of products in the BOSTON 


line — from various types of gears, speed reduction units and chain 
drives to couplings, pillow blocks, universal joints, ball bearings, pul- 
leys, etc. Select your requirements from over 4000 stock sizes. 


ae 


ORDER FROM 62 DISTRIBUTORS 
“COAST TO COAST” 
For your convenience 62 distributors carrying 


stocks of BOSTON Products are located throughout the United States 
and Canada. Simply order BOSTON Products by catalog number and 
buy from your nearest distribytor, 


The BOSTON line of power transmission equipment and 
component machine parts gives you one of the widest selec- 
tions of stock products for the mechanical transmission of 
power. Consisting of four main divisions — GEARS — SPEED 
REDUCERS — CHAIN and SPROCKETS — and ALLIED ACCES- 
SORIES — the complete BOSTON line has 101 individual 
groups of products available in over 4000 stock sizes. Siaty- 
two distributors carry large stocks of BOSTON Products. 
Send for your copy of New Folder No. 2-47 and complete 
list of stocking distributors. 

















—STATE 





BOSTON 6EAC WORKS we. 
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NORTH QUINCY 71, MASS. 















LET “X” = AN UNKNOWN QUANTITY 


Was you draw the familiar 


“X” symbol to indicate a 
valve in plans for any product in- 
volving fluid control, never let it 
represent a valve of uncertain per- 
formance. 


If you don’t know it to be a top- 
quality valve, of the right pattern, 
properly placed in the assembly, 
youre inviting trouble that may 
give your whole product a “black 
eye”. Second-rate valves only seem 
more economical, for the few cents 
saved in initial cost is likely to be 





JENKINS BROS., 80 White St., New York 13 


Please send me the Jenkins Designers’ Kit. 


paid out many times over in ex- 
cessive servicing costs. 


You can be sure of trouble-free 
performance when the “X” repre- 
sents a Jenkins Valve. There’s no 
better valve made. And, proper 
selection and application for fault- 
less service is assured because 
you command the knowledge of 
Jenkins Engineers. 


Equally important, your cus- 
tomers will be sure they are get- 
ting trouble-free valves when they 


GET JENKINS DESIGNERS’ KIT. A handy 
file of va've information needed by product de- 
velopment men...he!ps answer the question — 
“Which type of valve where for best perform- 
ance?” Mail the coupon. 


LOOK FOR THIS 


see the familiar Jenkins Diamond 
trade mark. Your customers know 
Jenkins Valves . . . know them as 
tops in quality. You benefit from 
Jenkins leadership in advertising 
and consistent leadership in qual- 
ity for 83 years. To your prospects 
Jenkins Valves will signify thor- 
oughgoing quality construction 
throughout your product. 


When planning new products, 
or redesigning present equipment 
that requires valves,— give your 
product, and its purchasers, the 
extra value of Jenkins Valves... 
it costs no more. 


Jenkins Bros., 80 White Street, New 
York 13; Bridgeport, Conn.; Atlanta; 
Boston; Philadelphia; Chicago; San 
Francisco. Jenkins Bros., Ltd., Montreal. 


DIAMOND MARK 


P~% 
em aoe. 
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JENKINS 
VALVES 


Types, Sizes, Pressures, Metals for Every Need 


<_ JENKINS > 
SS, 


Ge id Aroz 


SINCE 1864 
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THERE'S A SHAKEPROOF LOCK WASHER 


FOR EVERY ~ NEED 


EXTERNAL INTERNAL 
@ee2e2e020002002080808688080808080 


COUNTERSUNK HEAVY-DUTY 
e@eeeeeesenoeoeoeoeoeeeoeeoeeoee © 


EXTERNAL-INTERNAL DOME PLAIN DOME TOOTHED DISHED-TOOTHED 


YOU GET THE FAMOUS SHAKEPROOFE tripie-AcTiION PERFORMANCE 





No matter what your fastening problem may be . . . oversize 
or elongated holes, hardened or soft materials, large or deli- 
cate parts... there is a Shakeproof Lock Washer designed to 
make your fastenings secure against vibration . . . to do your 
job at peak efficiency. And no matter what size or type you 
choose for your application, every Shakeproof Lock Washer 
incorporates the exclusive triple-action Shakeproof tapered- 
twisted teeth that actually bite deeper, hold tighter as vibra- 
tion increases. 


Shakeproof Field Engineers can be of great service to you in 
selecting the right size and type of standard washer, and their 
knowledge is especially helpful in the selection of one or more 
of Shakeproof's hundreds of specials that provide even greater 
fastening performance for specific problems than the standard 
types. When you meet fastening problems let a Shakeproof 
engineer meet you! A phone or written request will bring him 
to your plant! Call today. 


SHAKEPROOF inc. 
° | ° ° ° , 


Canada Illinois Tools Ltd., Toronto, Ontario 


Division of ILLINOIS TOOL WORKS @ 2501 No. Keeler Ave., Chicago 39, Ill. 
Offices in Principal Cities 













but 


0 


| 


on One U4 ro fandle 


iid ht 





THE WASHER IS HELD 
ON BY THE ROLLED 
THREAD AND IS FREE 
TO ROTATE! 





save orney with c EM 








DRIVING IS EASIER, FASTER. SEMS ARE NO DROPPED OR WASTED WASHERS. SEMS ELIMINATE COSTLY HA 
ND 
PERFECT FOR HARD TO REACH PLACES ASSEMBLY MOVES SMOOTHLY. ASSEMBLY; SAVE TIME AND LABO 
; R! 








BAKER BROTHERS 40 HP 
BORING & DRILLING i 
| % MACHINE. Booth No. 639 i ; 
] Cone-Drive to the spindle “gives ' 
powerful but smooth transfer of power” 


to the CARBIDE tipped multiple blade 
cutter head. 


GIDDINGS & LEWIS MACHINE 
TOOL CO.’S BORING, 
DRILLING & MILLING 

MACHINE. Booth No. 315 
Cone-Drives are used on this as 
well as other G & L machines for 


smooth, accurate transfer of power in 
less space than otherwise possible. 


GISHOLT MACHINE 
COMPANY’S 50-TON 180-HP 
TURN MILL. Booth No. 304 | 

Roughs all rod bearings on «4 
crankshaft from the forging every 2 
minutes. The six 24” OD—78 rpm cut- 

ters are individually driven from 25 hp 
 inotors through 25:1, 10” C.D. Cone- 
Drives at 445 SFPM. This drive not 
only transmits high power smoothly 
but saves considerable space. Two 4” and 
two 5” C.D. (No. 7415) Cone-Drives 
rotate the work spindle smoothly at 
1 rpm. The 5” Cone-Drives are driven 
by 2 pinions, one on each side of the 
gear, arranged so as to eliminate backlash. 


G. A. GRAY CO.’'S 36 TON > 
HORIZONTAL BORING, 
DRILLING & MILLING 

MACHINE. Booth No. 501 


7Y%” C.D. Cone-Drives feed the 
column smoothly along the runway at 
14” to 120” per minute to a micro-jog- 
ging accuracy of 0.00025”. Gears are 
self-locking for climb milling conditions, 
make for compactness by saving space. 


MICHIGAN TOOL’S NEW 
“3-WAY” UNDERPASS GEAR 
ate FINISHER. Booth No. 426 

Faster gear finishing by any of 3 
methods (selected at will) plus of 
course real smoothness and accuracy 
through Cone-Drives to the high speed 
cutters. 


SHEFFIELD CORPORATION ’S 
GEAR CHAMFERING 
MACHINES. * 
Booth No. 202 
With Cone-Drive geared heads “for 


greater accuracy, less chance of backlash, 
more tooth-to-tooth contact and higher 
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she Md 


plus numerous other new Cone-Drive 
operated machines (photos not 
available at press time). 


CONE-DRIVE DIVISION wie iiemecn noct Detot 12, 0-8.7- 
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Welding 4412” pressure 


met sent oe When the White Motor Company switched to resistance 
a 4 welding in the fabrication of gasoline tanks for its motor 
trucks, White found that the tanks were not only stronger 
and more leak-proof, but also cost 30% less as they came 
to the assembly line. 





Only 4 Progressive machines were required by 
White to take care of its production requirement of 
100 complete tanks per shift. With the savings made, 
these machines—two spot welders and two seam weld- 
ers—should pay for themselves in less than six months. 











That’s the kind of job resistance welding is doing all 
over. Sometimes the savings are a little less — sometimes 
even greater, depending on the nature of the job. 


But—you cannot afford today not to investigate 
how much morey you can save in production by 
switching to resistance welding. Progressive’s Process | 
Engineering Department will be glad to work with you f 
in figuring the type of process, any minor changes in | tural 
design, type of equipment needed, and potential savings. 


In the meantime, are you receiving the ‘Welding 


Pictorial’ published monthly by Progressive to ac- 
quaint industry with the latest methods and machines? 












mks 7 


Ends are assembled with - 
102” of pressure tight 
» seams 








These 4 machines improved the quality of White 
gasoline tanks yet cut cost 30%. 








CABLE ADDRESS “PROGWELD" 


olden (» 3050 E. OUTER DRIVE e¢ DETROIT 12 


RESISTANCE WELDING EQUIPMENT 
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: one find Hyatt Roller Bearings in 
- the great new metal working machines 
7 exhibited by the country’s leading 
__ A aation of oil machine tool builders. 
showing Hyatt's . —and you'll see Hyatt Roller Bear- 
ponconpr __ ings on display at the Hyatt Reeth: 
BOOTH 433 No. 433. : 
= Te Show, and Hyatt Roller Bear- 
ings, are both a great tribute to the 
progress of the Machine Tool Indus- 
try. For there is hardly a type of ma- 
¢ tool made that we don’t use in 
manufacture of our bearings. 
x ‘machine tools make better 
hae Soe bearings make 
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UNITED STATES: RUBBER COMPANY 
SERVING THROUGH SCIENCE 
























Tre engineering staff of 
United States Rubber Com- 
pany have been extremely 
successful in controlling 
vibration and transmitted 
noise over a wide range of 
industrial applications. 
Maybe you have a problem 
these engineers could solve 
. . . maybe the answer has 
already been found by them 
and can be quickly applied 
to your product, whether 
it’s big or small, in the 
blueprint or finished stage. 
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“T’ll cancel your lease,’’ said the building owner 
to the operators of a storage’‘battery company. 
Their high pressure pump was transmitting ex- 
treme vibration and noise throughout the build- 
ing. The trouble stopped when United States 
Rubber Company engineers insulated the rigid 
steel sub-base (holding both pump and motor— 
total weight 3,562 lb.) from the building struc- 
ture, by means of 6 engineered rubber mountings. 





Top efficiency in a high speed grinder was not 
forthcoming until United States Rubber Com- 
pany engineers insulated the 10,000 rpm motor 
from the grinder with 4 cylindrical type U. S 
engineered rubber mountings. Note how they 
cushion or float the motor from the grinder itself. 
Available for engineers, an invaluable. book, 
“Absorbing Vibration, Noise and Impact.’ 
United States Rubber Company, 1230 Avenue 
of the Americas, New York 20, N. Y. 
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|____—- POWER _ PISTON 


INITIAL HOLD-DOWN 


STRIPPING 


3 x PISTON 
CYL. END PLATE 


PUNCH MOUNTING 

















> PLATE 
ro STRIPPER 
} PLATE 


U.S. PATENT 
No. 2353488 


OTHER PATENTS 
PENDING 


Power Stroke Completed 


ELEVEN UNIT 
PIERCING MACHINE 
for Automotive Sidemembers 
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Cintwer to Mechanical Power 


Itcelatsailttate)aie ace) o)(=11) ae 


Throughout industry, machinery and equipment 
manufacturers use MORSE ROLLER and SILENT 
CHAIN DRIVES, FLEXIBLE COUPLINGS, FREE 
WHEELING, INDEXING and FRICTION CLUTCHES. 


“ 





FREE WHEELING CLUTCH= 9 9 9555 GUS OS SENT CHAIN COUPLING 
Instant Engagement ¢ ess Cee Pines tes Beagle bis RANT t, 5 ility in’a rugged, 
Release. “>: 
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For high speed applications... 


efficient anti-friction operation of critical rotating parts is all-impor- 
tant. For low-wear, long-life performance under exacting conditions, 


You can depend upon Needle Bearings . 
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Typical applications for Torrington Needle Bearings include drill 
presses at 5,000 rpm, spinning spindles at 10,000 rpm, and aircraft 
propellers at 20,000 rpm. The usual provisions for precision assembly 
and proper lubrication will insure long service life with minimum main- 
tenance under virtually any speed requirement. 


Our engineers will gladly help you work out practical problems 
related to design, installation, lubrication and operation of Needle 
Bearings to meet your needs for high-speed anti-friction performance. 


THE TORRINGTON COMPANY 


TORRINGTON, CONN. SOUTH BEND 21, INDIANA 
Offices in All Principal Cities 


TORRINGTON BEARINGS 


2 NEEDLE ° SPHERICAL ROLLER ° STRAIGHT ROLLER ° TAPERED ROLLER 


BALL 
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oF PRAT ERR 


Where maintenance means 
money, SAVE with 


Federal NOARK Motor Starters! 


For all the money-saving, time-saving 
details, get in touch with the local 
Federal Engineering Office now! 


TRIC PRODUCTS COMPANY, Manufacturers of 
e of Electrical Preducts including Moter Controls 
es * Service Equipment + Circuit Breakers «+ 
Switchboards « Bue Duct 


OFFICES: 50 Paris Street, Newark 5, N. Jj. 


Hartford, Cenn Newark, N St. Louis, Mo 
L. I. City, N. Y 











Where maintenance 


means money, SAVE with 
Federal NOARK Motor Starters! 














CONTACT RENEWAL 



















Unwiten SPECIAL 
HYDRAULIC CYLINDER! 


—out of the Standard Hannifin Line 








It’s special because it’s built to YOUR specifications! You can 
have any length stroke you want. . . a choice of mounting styles to 
meet your needs ... bore diameter to fit the job .. . standard, double 
end, or heavy duty (2:1) piston rod... adjustable cushions . . . inlet 
ports on any side... air vents wherever needed — all “special” for YOU. 






But it’s standard with Hannifin because the Hannifin line of hydraulic 
cylinders is COMPLETE! For users of cylinders, this means lower 
engineering costs ... quicker delivery ... completely interchange- 

able parts... better design... superior performance. 
It pays to specify HANNIFIN! 





























Model JN 


One of 11 different 
mounting styles. 










-_™ 





A 
th 
st 
al 
EVERY DESIGN ENGINEER WILL WANT 
A COPY OF THIS NEW BULLETIN. 
R 
f 1 
HANNIFIN ‘a 
It's easy to get the right answer HYDRAULIC POWER UNIT ‘ 


for even the most special jobs 


when you use Hannifin’s new 
handbook on hydraulic cylitiders. 
52 pages of helpful specification 
and engineering data, complete 
with diagrams and dimensions. 
Ask for Bulletin 110-M. 


See Hannifin at the Machine Tool Show 
Chicago, Sept. 17-26, Booth 411 





Here is an improved hydraulic pressure 
generator offered by Hannifin in a broad 
range of sizes. Designed and built for 
heavy duty service. Capacities to 100 g.p.m. 
or larger. Choice of pump types — single, 
double, and combination styles. We will 
be glad to help you develop circuits and 
plan controls. See your local Hannifin 
representative or write. 











HANNIFIN | CORPORATION 


- F101 So. Kiba Ave., Chicago 24, Hl. 
_ AIR CYLINDERS * HYDRAULIC CYLINDERS + HYDRAULIC PRESSES 
: PNEUMATIC | PRESSES + HYDRAULIC RIVETERS - AIR CONTROL VALVES 
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WHEN YOU SAVE PRODUCTION TIME BY 





USING FEWER TYPES AND SIZES...THAT’S 


It’s the cost of using a fastener that counts 


And an important part of the cost of using a fastener is 
the cost of maintaining inventories, requisitioning from 
stock, handling many different styles and sizes. Careful 
analysis of fastening requirements and standardization on 
fewer types and sizes will help to speed up production 
and lower costs. - 


RB&W Machine and Carriage Bolts 
Offer You Unlimited Variety 


RB&W engineers are available to help you determine the 
minimum variety of types and sizes of bolts and nuts 
which will meet your needs. And RB&W offers the maxi- 
mum range of product, a choice of many special metals, 
and the facilities of a versatile finishing department— 
from a single source of supply. 








wn 
aste 
zeonorn! 


t.fe: 








You Get T. F. E. When You 


1. Reduce assembly time to a minimum by savings through 
use of accurate and uniform fasteners 

2. Make your men happier by giving them fasteners that make 
their work easier 

3. Reduce need for thorough plant inspection, due to confi- 
dence in supplier’s quality control 

4. Reduce the number and size of fasteners by proper design 
5. Purchase maximum holding power per dollar of initial cost, 
by specifying correct type and size of fasteners 

6. Simplify inventories by standardizing on fewer types and 
sizes of fasteners 

7. Save purchasing time by buying larger quantities from one 
supplier’s cornplete line 

8. Contribute to sales value of final product by using fasteners 
with a reputation for dependability and finish 





RUSSELL, BURDSALL & WARD BOLT AND NUT COMPANY 


102 years making strong the things 


RB&EW bois, nuts, screws, rivets mi 
= es gp Moy products are F 
FR ang 


range of 
= ‘ize a AB PK wy 


Plants at: Port. Chester, | ee * 
Coraopolis, Pa., Rock Falls, Iil., Los 
Angeles, alif. Additional sales 
offices at: Philadelphia, Detroit, 
ae Chattanooga, Portl and, 
Seattl le. Distributors Tom coast to 
coast. ‘By ordering through your dis- 
tributor, you can anaes prompt ser- 
vice from 

needs. 
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'If you use non-ferrous sand castings consider the follow- 
ing advantages offered by Wellman: 


@ EXPERIENCE 


36 years’ experience in aluminum and 15 years’ expe- 
rience in magnesium ... frequently enables us to get into 
production on new castings months earlier. 


€> ski 


—thoroughly trained workmen in all departments ..°: ; 
results in high quality and accuracy in both patterns and 
castings. 


3 | FACILITIES 


—three up-to-date plants—two foundries and a mod- 
ern, well-equipped pattern shop for both wood and 
metal patterns; modern laboratories employing the 
finest equipment. 


Send blueprints for quotation or we shall be glad to 
have field representative call. 


BRONZE & ALUMINUM COMPANY 
GENERAL OFFICES: 
2547 EAST 93rd STREET e CLEVELAND 3, OHIO 
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MORE MACHINES 
EQUIPPED WITH 
DIAMOND ROLLER CHAINS 
THAN EVER BEFORE 


> 


Year after year hundreds of thousands of machines 
of every kind are equipped regularly with Diamond 
Roller Chains. For well over a half century the leading 
manufacturers of the country have consistently extended 
their use of Diamond—for motor drives, shaft-to-shaft 
drives—for conveying, lifting and timing operations. 
That more machinery is equipped with Diamond Roller 

Chains than with any other make is good evidence of the 

universal recognition of their uniform quality, depend- 

able long-life performance, reserve strength, and the 

practically 100% power transmitting efficiency. 

Your salesmen can make much of such drives on the 
machinery and equip:aent you build. Your plant can us&® 
them more widely to increase output. Let our engineering 
staff help save your time with practical drive suggestions. 
DIAMOND CHAIN COMPANY, Inc., Dept. 435, 402 Kentucky 
Ave., Indianapolis 7, Ind. Offices, distributors in all principal cities. 


ROLLER 
CHAINS 


Catalog No. 617 with 96 pages of useful 
data is yours for the asking. 


‘ 
te 
rntyiaigta®@ 
is 
Nin tyactgtet@ 
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1 — The flanged periphery of the 
head. 


2 — Adjacent inner ring, removed 
by Flux-Injection, cut into radial 
segments, and drilled, to form ex- 
tractor plates. 


3 — Bearing ring for rotor. 


4—Type 347 stainless vanes 
(Figs. 1 & 2) finish-cut by Flux- 
Injection and welded to nickel clad- 
ding. 


5 — One-half of tub wall, sepa- 
rately fabricated of nickel-clad, in 
position for checking alignment and 
fit-up prior to shipping. 


Headquarters for Oxygen, Acetylene and other gases . . . Carbide . . . Gas Welding and Cutting Apparatus and Supplies . 
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‘A real BOTTLENECK buster... 












Flux-Injection certainly opens 


new fields for stainless design’’ 


That’s the stamp of approval placed on Airco’s New Flux-Injection Method of 
cutting stainless, and nickel-clad steels by Smith & Caffrey Co., Syracuse, N. Y. 
and Dilts Machine Works (Division of Black-Clawson Co., Inc.) Fulton, N. Y. 

Smith & Caffrey’s problem was to manufacture a new all-welded design of 
the Dilts Hydrapulper, a paper making machine which reduces paper and pulp 
to slush form. Because of the abrasive and corrosive nature of the required 
mixture, the hydrapulper had to be fabricated from stainless and nickel-clad 
steels. Flux-Injection permitted the cutting of parts to finished dimensional 
accuracy, and with the utmost protection for the cladding. Resulting edges 
were in excellent condition for welding. 

This new Flux-Injection Stainless steel cutting method was developed to 
enlarge the scope of standard Airco oxyacetylene cutting equipment. It key- 
notes simplicity, safety and economy of operation. 

The factual article “Flux-Injection Method Brings Economies of Oxyacety- 
lene Flame Cutting to Stainless Steels’ gives further details. For your free 
copy of this interesting explanatory article, write to Dept. MD 7288, Air 
Reduction, General Offices, 60 East 42nd Street, New York 17, N. Y. In Texas: 
Magnolia Airco Gas Products Company, General Offices, Houston 1, Texas. 
Internationally represented by Airco Export Corporation. 


Anco) AIR REDUCTION 
== SS Offices in All Principal Cities 


- . Arc Welders, Electrodes and Accessories 
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Cc. H. SMITH, JR., Presioest 


# es ee PP & a oe 
[IMPROVEMENT & EORGE; Co;, 
—=—-=1 Dror ForGaocinGac 8S Jo 
970 EAST S4t¥ STREET 
CLEVELAND, OMIO) 


ZONE t4 





A SERVICE «--= 


The IMPROVEMENT of 








METALS by FORGING 
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What It Means to Users of Forgings 








Sound Engineering Experience (over 34 years) in utilizing 
carbon, alloy, and stainless steels as well as high tempera- 


ture alloys and other forgeable metals, and in discerning 
what is required beyond traditional forging techniques to 
meet a specific service requirement, and in developing 
suitable equipment for forging a wide range of intricate 
designs. 


Design Suggestions resulting from hundreds of applications 

of close pression die forgings, including actual designing 
of many parts as forgings, also advice and assistance to’ 
designers regarding the correct placement of parting lines 
and other design elements having an influence on quality, and 
on cost at the point of assembly. 


Recommendations covering best methods of obtaining physical 
properties required to meet given service conditions, and 
how to utilize fully the qualities inherent in a specifio 
grade of steel to protect your product against failure. 





Projection of a Promise of quality and delivery only when 
such a promise can be substantiated by experience and know- 
‘how that results in the avoidance of costly experimentation. 





Estimates of Cost Reducing Possibilities which may be obtained 
through, (I) utilization of greater strength in lighter seo- 
tional thicknesses available in forgings, (2) rapid assembly 
of complex parts by welding forgings, (3) reductions in time 
required to machine and finish, (45 reductions in rejects due 
to forgings being unusually free of hidden defects. 





Technical Facts derived from the accumulated experience 

Cover 54 years) of Steel Improvement Engineers and Metal- 
lurgists, which may be useful in determining to what specific 
extent applications of forgings may contribute to over-all 
product improvement. 


Ce He Smith) 
President 
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Cost-Controlling 
and “See-Worthy” 


Res! 





.- that’s ine Outboard Motor 
Builders and Owners ‘'go Overboard’’ 
for AMERICAN PHILLIPS SCREWS 


EXCUSE CECRCUNETCISINE— Assembly speeds skyrocket 
with fumble-proof, slip-proof, burr-proof and damage-proof American Phillips 
Screws — they’re automatically straight to drive. Maker's of motors, boats, planes, ° 
appliances, furniture, radios and other products who have set their sights for 
volume production and lower costs earn time-savings UP TO 50%. 
te) 1 eh 44m Ome Cell, md ce)lehile). me— In the showroom, American 
Phillips Screw-Fastened products have a sturdy, ship-shape, modern look. 
IVER CAN'T SL sup OUT = =©Everywhere the decorative, straight set heads of American Phillips Screws 
4-WINGED a TAPERED RECESS tell a sales story to the customer of quality workmanship and fastening that 
oF PHIL stays put! Is your product collecting on this money-saving and money-making 
combination of advantages? Write American for complete details. 





















AMERICAN SCREW COMPANY, PROVIDENCE 1, RHODE ISLAND 
Chicago II: 589 E. Illinois St. Detroit 2: 502 Stephenson Building 


AMERICAN) || 777 
PHILLIPS Sccows 222 = 

















Monel, Everdur (sili- 
con bronze) 
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METAL-JOINING METHODS 


Approximately 20 percent of all production costs in 
American factories can be attributed to metal-joining. 
So, here is an important operation to examine for 
possible application of improved production equip- 
ment and methods. 


Westinghouse manufactures most types of metal- 
joining equipment—and has gained the experience of 
applying this equipment in a wide range of industries, 
as well as in its own manufacturing operations. What- 
ever your metal-joining problem, Westinghouse can 
provide the right equipment and methods to perform 
nearly any job. 


On the next two pages are examples of seven proved 
production methods, already working in many plants. 
Any one of them may help you turn out your products 
better... faster... cheaper! 


FOR EXAMPLE... If you assemble small parts in your plant: 
1, Must you increase production and cut costs in joining sheet metal? 


2. Do you need a mass-production method of joining small but heavy metal 
pieces of uniform sizes? 


3. Are castings slowing down your production . . . by slow deliveries, rejec- 
tions, weight or bulkiness? 


4. Do you need a quick and cheap method of joining copper or copper- 
alloys without the use of flux or acid? 


For answers to questions like these. . . turn the page 


. par " : ss NT OnE — 
> a - ” 


estin: decear 


PLANTS IN 25 CITIES . OFFICES EVERYWHERE 





Investpere these PROVED METAL: | 


TO CUT COSTS, SAVE TIME, 


Resistance Welding, with synchronous 
precision timing, saved $100,000 a year 
... for a manufacturer of metal cabinets. 
It eliminated 600 tons of steel, 10,000 
man-hours, 3,000 pounds of weldin 
rod ... permitted use of lighter stoc 
without impairing strength or tolerance 
... reduced scrap losses. Synchro-trol, 
a new Westinghouse resistance welding 
electronic control, offers similar ad- 
vantages. (Write for Resistance Weld- 
ing Hint No. 1 and B-3830.) 











$85.00 savings per unit by A-C Arc Welding . . . when Electric Furnace Brazing cut factory costs 52% on this 
this company switched from casting cylinder heads to pump muffler by brazing separate baffles to the outer 
welding them of 34” boiler plate. Results: better, shell, instead of casting the unit as a single piece. (For 
stronger cylinder heads . . . and 200 pounds of weight equipment details, write for descriptive data DD-28- 
eliminated. (For more information, write for B-3548.) 140, 28-450, 28-460.) 





JOINING METHODS 


IMPROVE PRODUCTS 


Here are seven examples of metal-joining that 
have helped make products better, faster, cheaper. 
Each is a potential cost-cutter for you. For more 
detailed information on any of these metal- 
joining methods—call your Westinghouse office. 


BETTER 





— wee its in 

= brazed into 6 unt Me 

i assembled and ey... with the 

r poner by induction heating hod of flame 


i ig. The normal metho® aa 
- : = yh tube assembly required t 
razin 


of p 


Phos-Copper joints improved pressure resistance 
of joints as shown by this pressure test photo. The 
joints between the bronze caps and copper tube 
were still tight and sound when the tube burst at 
2,200 psi. (Write for B-3201.) 


vency brazing - A : 
lows are automatically ge “ 
ies them through the wor 
enerator, 


“uproduction line” radio-freq 
these copes’ bre 
as a conveyer C4 : 

. radio-frequency 8 
pe a. (Write for B-3620.) 
a 


Automatic Welding and work handling equipment 

. in motor manufacture reduced frame size 35% 
... increased power capability 116% per pound... 
tripled production. For further information, call 
your nearest Westinghouse office. 





FOR MORE PRODUCTIVE POWER...LOOK TO 


4 ee 


] LINE OF WESTINGHOUSE 
: Sti METAL-JOINING EQUIPMENT 


PLANTS IN 25 CITIES... OFFICES EVERYWHERE 








THE RIGHT EQUIPMENT.. APPLICATION HELP 





R. F. Heating Generators are 
built in ratings of 5, 10, 20, 
50, 100 and 200 kw for induc- 
tion heating. Work handling 
equipment available for all 
metal-joining applications. 





D-C Flexarc Welder... Single 
operator, portable or sta- 
tionary motor or engine-driven 
sets. Available in maximum 
ranges up to 200 amp, 300 
amp, and 400 amp. 





Electric Furnaces — 20 models 
for brazing and heat-treating 
metals. Five basic types of 
gas atmosphere generators 
‘also available, providing nine 
varieties of gases. 





A-C Arc Welders range from 
100 to 2,000-ampere capaci- 
ties to handle everything from 
lightweight, mass-production 
welding to heavier structural 
and fabrication welding. 





Resistance Welding Con- 
trols ... SYNCHRO-TROL and 
WELD-O-TIMER . . . available 
for synchronous and nonsyn- 
chronous operation. Combina- 
tions to meet special needs. 





Phos-Copper is manufactured 
in rod, ribbon and special 
shapes which are particularly 
useful in torch, resistance, 
furnace and induction brazing. 
For copper alloys only. 


A-C Automatic Welding 
Heads—feed electrodes to 
the work continuously at an ac- 
curately controlled rate. Unit 
automatically starts and stops. 
Ideal for mass production. 


Electrodes and Accessories 
... a complete range of elec- 
trodes for every type of weld- 
ing, and all accessories need- 
ed—for both machine and 
operator. 





Solder Pots ... 10-pound and 
50-pound solder capacity. 
3-heat snap switch (on 10- 
pound size) with temperature 
range up to 950°F. Fully 
insulated. 


APPLICATION ENGINEERING 


Westinghouse Application Engi- 
neering Service is available to help 
solve metal-joining problems in 
your plant. Broad industrial experi- 
ence gained in our own and custom- 
ers’ manufacturing operations is 
yours for the asking. 


RESEARCH 


The scope of Westinghouse re- 
search reaches into every industry. 
Wherever power is used and dis- 
tributed, this research has played 
an important role in doing jobs 
better, faster, cheaper. Westinghouse 
research facilities are available at 
any time to help you use new pro- 
duction tools and apply scientific 
knowledge in finding practical so- 
lutions to production problems. 


TRAINING MATERIAL 


Westinghouse training material 
covers instruction courses in such 
subjects as electronics and resist- 
ance welding, radio-frequency heat- 
ing and arc welding. It also includes 
everyday help in all phases of the 
operation and maintenance of 
modern electrical equipment. This 
help is available in the form of 
printed literature and training films. 
Ask your Westinghouse office for 
full information. 


MAINTENANCE 


A nationwide organization of 34 
Westinghouse Manufacturing and 
Repair Plants offers speedy, effec- 
tive help on all types of electrical 
service and repair. A skilled staff of 
specialists, available through your 
near-by Westinghouse office, is 


ready to help you at any time. 
J-90569 








Westinghouse Electric Corporation 
P. O. Box 868, Pittsburgh 30, Pa. 








Please send me more information on the following products: 
___D-C Welding 
Automatic Welding 


____R. F. Heating ___—Electric Furnaces 


___Resistance Welding Solder Pots 























___A-C Welding ——Flectrodes and ____ Phos-Copper 
Accessories | 
Name Company. 
Title 
Address City. State PRODU CTIVE POWER 








M. 
Litho in U.S. A. 


Li 
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EVERY WORKDAY RIVERSIDE’S TOP EXECUTIVES MEET 
TO OPEN, CONFER AND ACT UPON YOUR MAIL. 


For the past 25 years Riverside has daily conducted 
a singular and most effective industry conference. 
Around a table sit the top operating men of every 
department concerned with the handling of an 
order, from acceptance to shipment. 


All questions and problems in each letter, 
inquiry or order in that day’s mail receives the 
full consideration of Riverside’s Executive Officer, 
Chief Metallurgist, Works Manager, General 
Sales Manager, Mill Superintendent, Advertising 
Manager and Order Department Manager. 


















By airing freely the details of each problem, a 
complete agreement is quickly obtained and im- 
mediate action taken. Result: faster handling of 
all correspondence, prompt entry of orders into 
production schedule, and, best of “all, days are 
lopped off lead time. Customers say (emphatically) 
that they like this friendly, personal attention 
and cooperation. It prevents misunderstandings, 
saves time, money, tempers. 


Riverside alloys .. . Phosphor Bronze, Nickel Silver 
and Beryllium Copper are produced to specification. 
Do what many of our customers do daily, consult 
us about your individual requirement. We’ll be 
glad to help. Call or write us today. 


BIG ENOUGH TO BE HELPFUL * SMALL ENOUGH TO BE FRIENDLY 


THE RIVERSIDE METAL COMPANY 


RIVERSIDE, NEW JERSEY 


NEW YORK, CHICAGO, HARTFORD, CLEVELAND 


PHOSPHOR BRONZE 
NICKEL SILVER 
BERYLLIUM COPPER 
























Watch industry 
Fluid-Drive’ ahead! 





Constant speed A.C. motors are transformed like magic 

into adjustable speed units by the addition of Gyrol 
Fluid Drive. This modern method of Fluid Driving helps 
paper makers simplify equipment and cut maintenance costs. 
In this industry, Gyrol Fluid Drive transmits power to 
slitters, coaters, draft fans, rewinders, and conveyors. 





Thirteen years ago we made the first industrial installa- 
tion of Gyrol Fluid Drive—on a Mechanical Draft Fan. 
Public Utilities have since discovered equally important 
uses on boiler feed pumps. In both applications, Fluid Drive 
provides stepless adjustable speed control, results in horse- 


power savings, simplicity of control, long equipment life, ’ 


and increased overall power plant efficiency. 


Hy 


~ 


— a 

* Gyrol Fluid Drive is a product engineered and 
developed for American industry by American Blower. It 
is designed for applications where smooth transmission of 
power or stepless adjustable speed control is desired. Looking 


beyond the long list of applications already developed, we 
will work with you to find new ways to “Fluid-Drive Ahead!” 


Now conveyors can travel thousands of miles without 

a single broken shear pin! Sounds fantastic—but it’s 
absolutely true for conveyors equipped with Gyrol Fluid 
Drive. The rubber industry protects equipment with Gyrol 
Fluid Drive. Conveyors start smoothly—under heavy load 
—with minimum power. Shear pin breakage is ended. 


Frankly, we cannot say where Gyrol 
Fluid Drive will next be used. How- 
ever, if you have a power trans- 
mission problem, remember: 





1 Standard constant speed A.C. motor, plus Gyrol Fluid 
Drive, equals stepless adjustable speed—in a pact, 
complete unit. 





2 Thousands of Gyrol Fluid Drive applications prove its 
ability to give smooth load pick-up and eliminate strains 
of overloading. 


Contact the nearest American Blower Branch Office. Our 
long experience is available to you! 


For better performance get — 











‘ AMERICAN 
BLOWER 


DETROIT 32, MICHIGAN 
In Canada: CANADIAN SIROCCO CO., LTD., Windsor, Ont. 








& Division of American Raptor & Standard Sanitary corroration 


ill 
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], SIZZLING STEAK with potatoes and gravy .. . or fresh 

lake trout with french fries . . . whatever whets a man’s 
appetite is the kind of dish a conscientious wife seeks to serve. 
She knows the way to a husband’s heart is partly through his 
stomach. But she needs help to get on the path. 





17) 











, BUNDYWELD* TUBING in supply lines, flash tubes and 
pilot light tubes helps give this new convenience to cook- 

ing. Similarly, Bundyweld Tubing contributes to the efficiency 
of hundreds of other modern products by carrying fuel, lubri- 
cants, oil, vacuums, hydraulic fluids; beverages and refrigerants. 


5, SPECIFY BUNDYWELD! That’s the recommendation 

today from an army of engineers and product 
designers who recognize the advantages of this unique, 
superior tubing. Let Bundy Research and Engineering 
Departments illustrate the advantages of Bundy Tub- 
ing for your product. ‘Available in steel, Monel and 
nickel. Bundy Tubing Company, Detroit 14, Michigan. 





BUNDY TUBING 
Standard Tube Sales Corp. 
1 Admiral Ave. 
Maspeth, N.Y.C., N.Y. 


Pacific Metals Co., Ltd. 
3100 19th St. 
San Francisco 10, Calif. 
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DISTRIBUTORS AND 


Lapham-Hickey Co. 
3333 W. 47th Place 
Chicago 32, Illinois 


hungiy husbands 








THIS VALUABLE aid comes. from her modern gas range. 

With its oven regulator, its automatic timer and a dozen 
other important gadgets, the new range gives free play to her 
culinary talents. But gas ranges weren’t always as dependable 
as those that grace today’s kitchens. 





PERFECT 


SOLID ’ 
A DOUBLE WALL } / 


: : . i tC? 
aa HELD TO CLOSE 
( te TOLERANCES 
& 
: Ea) 
\ dP \\ 2 
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4. BUNDYWELD is different from other tubing. A single strip 
of basic metal, coated with a bonding metal, is rolled 
continuously twice laterally into tubular form, ther metal- 
lurgically bonded by intense heat—carefully controlled—to 
form a solid, double wall tube, held to close dimensions. 


BUNDY TUBING 


x * 


ENGINEERED TO YOUR EXPECTATIONS 
* REG. U.S. PAT. OFF. ® = 











REPRESENTATIVES: 
Rutan & Co. Eagle Metals Co. 
404 Architects Bldg. 3628 E. Marginal Way 
Phila. 3, Pa, Seattle 4, Wash. 


Alloy Metal Sales Ltd. 
861 Bay St. 
Toronto 5, Canada 
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MEYERCORD 


ADVERTISE EXTRA! 

IDENTIFY SEND FOR 

DECORATE : LITERATURE 
WITH DECALS TODAY—FREE! 














Any Industry Can Profitably Use Decalcomania in Some Form 





Issued Periodically by The Meyercord Co. @ Chicago 44, Illinois 


@ Offices in Principal Cities 





EVERY BUSINESS CAN USE DECALS 





DECAL NAME PLATES 
SERVE FAMOUS FIRMS 


Millions of prod- 
ucts in American 
homes and busi- 
ness are durably 
identified by 
Meyercord De- 
cals. Geared to 
production line 
speeds, Decal 
nameplates, 
tradernarks, instructions and other data 
can be easily applied without screws or 
bolts at extremely low cost. Decal name- 
plates are resistant to moisture, oil, 
acids, temperature extremes, vibration 
and abrasion. They can be produced in 





any sizes, colors or designs for applica- » 


tion to metal, wood, glass, plastic or. 
crinkled surfaces whether curved | 
flat. Check for complete details. 


NEW ‘EYE-APPEAL’ ‘WITH 
DECAr. DECORATIONS 


Decorated: products 
out-sell plain. Meyer- 
cord Decorative Decals 
offer.colorful éffects at 
a fraction. of hand- 
painting time and cost. 
Easily applied on any 
commercial surface. 
Hundreds of stock de- 
signs. Special designs 
on satiaasts No color or size limitation. 
Easy, quick application. Washable. 
Resistant to acids, alcohol, grease and 
rough use. Send sample product or 
finish for decoration recommenda- 
tion. Check for full information. 








THIS NEW TRUCK DECAL BOOK 
SENT FREE : 


ade Sie details 
at bottom of page 








[J 


NEW AND UNUSUAL USES 
for MEYERCORD DECALS 


RUBBER: Elasti-Cals stretch with and 
become a colorful part of rubber 
surfaces. Applied in mold—or cold. 


VINYL: Special Elasti-Cals to decorate 
and trademark vinyl-base materials. 


“POULTRY: Easily applied trademark for 
poultry. Adaptable to greasy, curved 
aber of skin. Resist freezing, de- 
'rosting. Edible colors. Inexpensive. 


GLASS & POTTERY: A heat-treated, 
multi-color Decal for bottle trade- 
marks and pottery decoration. Eas- 
ily applied. Inexpensive. Durable. 


NOW - DECAL 
LETTER KITS 


Letter outdoor 
signs with Meyer- 
cord’s durable, 
self-spacing Decal 
ieee at a fraction of hand- 
painting time and cost. Check. 


























wine AND TRUCK DECAL BOOKS—FREE! 





WINDOW SIGN BOOK 
Meyercord Window and 
Truck signs are the world’s 
major free-space advertising 
medium. Meyercord’s Decal 
Sign Ad-Visor tells where and 
how national advertisers use. 
Send for copy — free. 
Check for details Here. 


TRUCK DECAL BOOK 
New, full-color Truck -Decal 
book ‘“‘Ads on Wheels” illus- 
trated above shows how hun- 
dreds of fleet owners convert 
free space on trucks into 
traveling billboards at a frac- 
tion of handpainting 
cost. Check for copy. 











a 





Investigate Their Time, 
Cost and Labor Saving 
Value in Your Business 


Nameplates, instruction data, wiring 
diagrams, product decorations, truck 
signs ‘and lettering, window valances, 
counter, mirror and window signs, auto- 
motive vehicle licenses, liquor and to- 
bacco tax stamps are but a few of the 
broad uses for Meyercord Decals. 
Decalcomania is a process of printing 
with lacquers and oil colors, instead of 
ink. The special paper upon which it is 
printed is soluble in water—permitting 
the transfer of the Decal film to any 
desired surface. Adhesion is durable and 
lasting. Any size, color or design can be 
made. Their resistance to washing, 
wear, acids, sun rays, fumes, vibration, 
abrasion proves Decals value to com- 
merce and industry throughout the 
world. Read about specific uses on this 
page. Check and mail page for E 
detailed information. Don’t delay. 


SERVICE MGR’S WANT 
DEALER NAMEPLATES 
eres 


Well known service 
mgr. says: ““Stand- 
ardized Meyercord 
*] Decal dealer name- 
plates on our products intercept service 
calls to factory and route them to local 
dealers.”” Manufacturers now design 
their own dealer-nameplates and pool- 
purchase with dealer’s name, address 
and phone imprinted. Dealers gladly 
pay for and apply them. Simple device 
makes order-pooling easy. Pool-buying 
for thousands of dealers reduces cost 
80%. A potent “‘family-resemblance” 
addition to factory-identity. Check 

mark for samples and full details. 


TeMEYERCORD(: 


2) co 
Martls DOU 











5323 W. LAKE ST., CHICAGO 44, ILL., DEPT. 15-9 
4500 DISTRICT BLVD., LOS ANGELES, CAL., DEPT. 15-9 








CHECK ITEMS OF INTEREST—TEAR OUT PAGE AND MAIL FOR COMPLETE DETAILS 
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STERLING SPEED-TROL GIVES YOU 
SPEED CONTROL 





_ KERRINGEGNE ROTORS 


'€3| 
| 2 





Potented STERLING Feature 








Sterling System Speed-Trol Units‘are compact, enclosed, self-con- 
tained, infinitely variable speed power units of lasting efficiency, 
incorporating thoroughly tried and proven principles. 

Sterling Speed-Trol Motors make available a greatly improved and 
inexpensive system of machine drive for all industries —will increase 
production — improve products — decrease production costs — are 
revolutionary in their simplicity, and possess features long needed 
but heretofore never obtaincble. 


Write for complete information. 


A revolutionary design of infinite variable STER L I N G EL ECTRIC MOTOR Ss, IN Cc. 
gaat htm 30 3 eam Rl tat NEW YORK . CHICAGO . LOS ANGELES 
REPRESENTATIVES IN PRINCIPAL CiTIeEes 


STERLING MOTORS 
a Greater Perform- ability G 
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\MPERNIOUS TO DAS EAD GRERSES 


MARLIN-ROCKNELL CORRQRETION, lnsesroma, WAL 


SEE THIS BEARING AT BOOTH 156 


MACHINE TOOL SHOW at the Dodge-Chicago Plant 
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More 
Gripp 
Are 





->»- WHEN AND WHERE 
iT COUNTS! 





@ Here’s photographic evidence that EverLOCK 
washers really take hold with a grip that defies 


every | nin ion. r Standard 
ery loosening action. Note how EverLOCK a 





wide chisel edges have dug into the contiguous 


faces of both work and nut to provide several 





times more area of resistance than other washers. 
Guard your assemblies with EverLOCK ... 
The Washer That Has The Edge. Fast, easy ap- 


plication saves assembly time— automatically 









safeguards against stretching of bolts or distor- 
tion of threaded parts. Four standard types 


meet most lock washer needs. 
WM Sie E F* Stantlard 


80° Countersunk EverLock 
_ THE WASHER THAT HAS THE EDGE 


se hws 


StandardInternal- 
External EverLock 















Wie yet 
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The new Mercury, All-aluminum belt conveyor recently 
announced by the Patron Transmission Co. of New 
York, marks a long step ahead in providing the ad- 
vantages desired in a general purpose conveyor. 
Constructed wholly of aluminum it combines structural 
strength with lightness that insures ease in handling. 
The aluminum also makes the conveyor rust and cor- 
rosion proof and resistant to most acids, chemicals 
and fumes. This factor is of exceptional advantage 
where food is handled or where acid or fume 
conditions are present. 


Prefabrication in 5 ft. sections allows unusual flexibility 
as the sections may be assembled into any required 
length in only a few minutes time. Load capacity is 250 
Ibs. per sq. ft. and speed may be set up to 100 ft. 
per minute. 


Long familiarity with the sturdiness and splendid 
performance records of Ohio Gear Speed Reducers led 
the Patron Company to adopt the D1 as the most prac- 
tical drive for their new product and the conveyors 
already in use in many nationally known plants 
substantiate that choice. 


If a dependable speed reducer is part of the machines 
you build, it will pay you to check the advantages of 
Ohio Gear Speed Reducers. Get in touch with our 
nearest distributor or with us today. 


THE OHIO GEAR COMPANY 


1338 EAST 179th STREET + CLEVELAND 10, OHIO 
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*AKRON, OHIO 
The Hardware & Supply Co. 
475-535 South High St. 


*BALTIMORE, MARYLAND 
The L. A. Benson Co., Inc. 
6-8 E. Lombard St. 


Burravo 16, N. Y. 
F. E. Allen 
131544 Hertel Ave., Room 9 


*DayTon 10, On10 
E. C. Hawk Co. 
1807 Wayne Ave. 


Detroit 26, Mic. 
George P. Coulter 
4 W. Larned St. 


GRAND Rapips 8, MIcH. 
Slaughter Manufacturing Co. 
3753 Division Ave., S 


*HAGERSTOWN, MARYLAND 
Hagerstown Equipment Company 
Maryland Ave. and Memorial Blvd. 


INDIANAPOLIS 4, IND. 
. R. Young 
635 N. Pennsylvania St. 
*Los ANGELES 21, CALIF. 
J. W. Minder Chain & Gear Co. 
927 Santa Fe Avenue 


LoulsviLLz, Ky. 
Alfred Halliday, 330 Starks Bldg. 


*Mempuis 2, TENN. 
C. E. Hall Company 
363 South Main at Talbot 
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REPRESENTATIVES 











*MINNEAPOLIS 4, MINN. 
Industrial Supply Co. 
1100 Third Ave., South 


New ENGLAND 
George G. Pragst 
P. O. Box 995, Pawtucket, R. I. 


*New York 13, N. Y. 
Patron Transmission Co. 
129 Grand St. 


*N. Kansas City 16, Mo. 
Sesco Engineering & Supply Corp. 
15th Ave. & Clay St. 


*PHILADELPHIA, PA. 
Rothman Belting & Equipment Co. 
144 North Third St. 


*PITTSBURGH 30, Pa. 
Standard Machinists Supply Co. 
South 2nd and McKean Street 


*PoRTLAND 4, ORE. 
J. W. Minder Chain & Gear Co. 
411 So. West First St. 

*San FrANcIsco 3, CALIF. 
Adam-Hill Co. 
244-246 Ninth St. 

*St. Louis 4, Mo. 
The Essmueller Company 
1220 South 8th St. 


IN CANADA 

*MOoNTREAL, CANADA 
John Braidwood & Sons, Ltd. 
66 Nazareth Street 

*Stocks carried. 
























How fo give 
Phenolic 
Resin Sheets 
0 uniform 


@ A uniform pattern on the surface of phenolic 
resin sheets depends on the performance of your 
power-driven brush. A Pittsburgh Brush has all 
the specifications necessary ? give you a mat or 
a satin finish of the desired texture. @ The dense 
fill mixture of special white tampico is carefully 
inspected for coarse fibres which cause irregular 
patterns. When spiral wound and trimmed, 
the fibre ends are finely sand-papered to assure 
smooth rotary action with abrasives. @ There‘s 
no guesswork in the construction of Pittsburgh 
Power-Driven Brushes. What‘s more, they’re 
designed to stand up under the heaviest usage. 





Why the Pittsburgh Plate Glass Company 
Makes Brushes 


As a leading manufacturer of paints, Pittsburgh 
found that a reliable source of quality brushes was 
necessary for the proper application of its products. 
For over 40 years, Pittsburgh has made its own 
paint brushes. It was a natural step to extend its 
engineering and manufacturing facilities by devel- 
oping production, maintenance and power-driven 
brushes engineered to the specific aad industry, 
since many types of power-driven brushes are em- 
ployed in their own production processes. 
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It pays to use Power-Driven Brushes 
by Pittsburgh 


@ A Pittsburgh Brush does the job fast and gives you a 
uniformly finished product. You can depend on Pittsburgh 
Brushes for better performance, enduring economy, and 
a minimum of lost time in changeovers. In the complete 
Pittsburgh line are brushes of all types, including “Perfect 
Balance” sections, wheels and section assemblies, Uni-Fill 
scratch brushes, as well as paint and other maintenance 
brushes. @ Consult with the Pittsburgh engineering rep- 
resentative. He will gladly work with you in developing 
any type of power-driven brushes to meet your particular 
finishing requirements. 
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RHOADS 





SHORT CENTER DRIVE 
ASSURES YOU MORE PRODUCTION 


1. PROVIDES CONSTANT, UNIFORM SPEED — higher hourly production, more uniform work, fewer 
shutdowns, less spoilage. 


2. CORRECT BELT TENSION — automatically maintained, regardless of load fluctuation. 


3. SIMPLE, COMPACT, EASY TO INSTALL—oand they require a minimum of attention and 
maintenance. 


4. HIGH OVERLOAD CAPACITY — pivoted motor base provides greater load capacity. Belt is 
: automatically tightened when the load increases, and as the load decreases the tension on the 
belt and bearings is reduced. 

TANNATE Belt operates smoothly at full capacity . . . carries full load when 
damp ... withstands high temperatures, water, machine oils and many dilute 
chemicals. Pivoted motor base can be used with small or large motors . . . drives 
equally well horizontally, vertically, or suspended from the ceiling. For details 
about this dependable, reliable drive, write 





PRODUCERS OF FINE LEATHER FOR 245 YEARS 


J. E. RHOADS & SONS 
35 NORTH SIXTH ST., PHILA, 6, PA. 


NEW YORK e CHICAGO e ATLANTA 
ESTABLISHED 1702 
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5-color magazine press 
prints to perfection 
with Farval on the job 





HE press on which the color section of one of 
America’s big national magazines is printed 
was doing a very indifferent job. Satisfactory 5- FARVAL—Studies in 
color printing, on heavy enameled stock, at high 
speed, required much higher bearing pressures— 4 
and the superintendent didn’t dare screw the ad- 
justments down any further. It just wasn’t possible, 
with hand oiling, to supply enough lubricant to the 
bearings to keep them operating under greater 
pressures. 


Centralized Lubrication 
No. 94 


Then a Farval centralized lubricating system was 
put on the press, arranged to oil the bearings auto- 
matically, at 30-second continuous intervals. This 
step solved the problem. It is now possible, without 
danger to the bearings, to adjust the pressure to the 
exact point where perfect plate impressions and 
beautiful color reproduction are obtained. 
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Since Farval was installed there have been no 
bearing troubles, no shutdown periods for lubri- 
cation and no complaints of poor printing. Farval 
centralized lubrication made the difference. 


Farval delivers oil or grease under pressure to a 
group of bearings from one central station, in exact 
quantities, while a machine is in operation. Farval 
is the Dualine System with the Positive Piston 
Displacement Valve. This valve has but two mov- 
ing parts and is fully adjustable, with a Tell-tale 
indicator at each bearing to show the job is done. 





For a full description of Farval, write for Bulletin 
25. The Farval Corporation, 3265 East 80th Street, 
Cleveland 4, Ohio. 


Affiliate of The Cleveland Worm & Gear Company, Industrial 
Worm Gearing. In Canada: Peacock Brothers Limited. 


| DARE 
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Delivers Vi 


After nearly six years of testing and proving, we announce the mate to the DUDCO 
Vane Motor—the single stage DUDCO Hydraulic Vane Pump, consistently efficient 
at a wide range of pressures. Compact, space-saving, sturdy. Made in two series, 


for almost every application need. Priced to be OUTSTANDING VALUES. 





PERFORMANCE CURVE 
) 2000 P.S VANE PUMP 


VOLUMETRIC EFFICIENCY 


ELIVERY 


-GALS. PER MIN 
EFFICIENCY PERCENT 


DELIVERY 


a SS ee See aes 


GAGE PRESSURE 
LBS. PER SQ. INCH 








The new DUDCO Vane Pump is adaptable to any job for which oil hydraulic SERIES P-32 
power is used. It has an unparalleled volumetric efficiency in operation tiie, | aneaagpeaea ie 
i umber 1800 RPM Prossure Pressure 
up to 2000 psi. (Note performance curve.) a is aon. 500 
Here is an oil pump that operates from 300 rpm to 1200 rpm, hydraulically 4 4 ~ aoa 
balanced for both pressure and flow, with no hydraulic loads on the bearings. SERIES P-80 
It functions by direct force of oil against the sides of the vanes. A patented P-40-1 40 1500 1750 
DUDCO feature keeps vanes tight against the ring regardless of its pressure. ee ms a oo 
Although small and compact for its rating, the DUDCO Vane Pump is sturdily P-80-1 80 750 1000 











built for long, rugged use. Available in two series—the P-32 series for 2000 4i,5 36, 50 and 64 gpm’ 2000 psi pumps 
psi up to 32 gpm; the P-80 series for 1500 to 750 psi up to 80 gpm. ee ee eee 


a common shaft. 


DUDCO Vane Motors are Space-Saving, Efficient 


Built to be the greatest values in the field! Stall torque is 90%, theoretical 

at any position of shaft, ranging from 76 lbs.-in. to 250 lb.-in. per 

100 psi. Slow speed characteristics (less than 10 rpm with high torques) 

make possible the elimination of transmissions—an important saving — 
« in equipment cost. ‘ 





{ Write for Details Y 


aro DU DCO prooucts company 


write about your specific 


























needs. Our engineering de- Formerly DETROIT UNIVERSAL DUPLICATOR CO. 

partment will gladly assist 18100 RYAN ROAD ° DETROIT 12, MICHIGAN 

with your problems. | 
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GENERAL-PURPOSE D-C MOTORS 
Designed for general-purpose appli- 
cations. Often used with a-c and d-c 


D-C GENERATORS AND 

; MOTOR-GENERATOR SETS 
Recommended as d-c power unit for 
industrial devices or as exciters for 
large equipment. Available in output 
ratings of 125, 250, and 500 watts 
continuous duty; 125 and 250 d-c 
volts. 


LOW-VOLTAGE SPECIAL D-C MOTORS 
Operate from power sources com- 
monly used on busses, trucks, rail- 
road equipment, battery-operated 
industrial trucks, etc. Sturdy adapt- 
able motors, built usually from 
general-purpose motor parts. 


_ DYNAMOTORS 
Give you reliable means of convert- 
ing d-c power to other voltages, or to 
a-c. Recommended for neon signs, 
locomotive headlights, communica- 
tion equipment, etc. A light but 
sturdy unit. 


A-C GENERATORS 
} Offer you effective source of a-¢ cur- 
rent for places where it otherwise 
would be unobtainable. Available in 
standard ratings. Strong, well con- 
structed power units. ' 


MOTOR AMPLIDYNE-GENERATOR SETS 

AND AMPLIDYNE GENERATORS 
Give unusually quick response over 
a wide range of operating loads. 
Thus, the amplidyne generators: are 
suitable for many applications. 
Available in single units or assem- 
bled with motor drive. 


- HIGH-FREQUENCY MOTOR 
ALTERNATORS 
Highly recommended for testing 
equipment and source of power sup- 


ply for high-frequency machines. 
Small and lightweight units, but 
sturdy and hard-working, 


GENERAL @ ELECTRIC 
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It has been a long time since we have talked 
about short deliveries on fractional-horse- 
power motors. But our engineering and manu- 
facturing facilities are now available to give 
you just that on d-c fhp motors, generators; 
and motor-generator sets. Whether you re- 
quire a few motors or many, we are ready to 
help you. 

Available for quick short deliveries are 
general-purpose d-c motors, d-c generators 
and motor-generator sets, low-voltage special 
d-c motors, dynamotors; a-c generators, 
motor amplidyne-generator sets and ampli- 
dyne generators, and high frequency motor 
alternators. 

These equipments have a variety of appli- 
cations. Our staff of experienced fractional- 
horsepower motor engineers can help you 
with design and application problems. These 
men accumulated a vast store of new “know 
how” from thousands of war jobs. Combine 
this with previous accumulation of design 
knowledge and application experience, and 
you have 46 years of experience at your 
service. c 

Whether it is a new or old application, we 
can help you. Save you time and money, too! 
For more information on the kinds of equip- 
ments we can offer you for quick delivery, 
write for GEA-4871, or call your nearest G-E 
office. 

Mail This Coupon For Bulletin Describing Available 
D-c, Fhp Equipments 


Hserewesesewe eeseesessssaseewusauaad 


General Electric Company 
Apparatus Dept., Section C 700-84 
Schenectady 5, N. Y. 


Please send me bulletin, GEA-4871, which describes 
G-E d-c fractional-horsepower motors and genera- 
tors available for short delivery. 


v 
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STANDARDS 


SPECIALS 
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for SIZE OF ORDER 





for UNIFORMITY (if repeat order) 


ora 1X@) 4:4 O10) 41 Clana 


for SPECIALIZED MACHINERY 


.«. Springs made by Wallace Barnes are job-engineered— 
. appraised for those specifications which, if not properly 
anticipated, may result in extra operations which naturally 
means extra cost. By use of specialized departments, in- 
genious machines and toolmakers with experience and im- 
agination, operations are reduced to a minimum consistent 
with quality and quantity desired. Wallace Barnes job-en- 
gineering, working simultaneously with your design-engi- 
neering, should result in the greatest production economy 
and the best spring for your purpose. 


ULbbuce Burnes SPRINGS 


SMALL STAMPINGS * WIRE FORMS °* HAIRSPRINGS * COLD ROLLED SPRING STEEL 











DIVISION OF THE ASSOCIATED SPRING CORP. 
AND IN CANADA, THE WALLACE BARNES CO., LTD., HAMILTON, ONTARIO 
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*“*“GENTLEMEN: 

I was employed by the Pitts- 
burgh Plate Glass Company 
here in Crystal City on Septem- 
ber 22, 1909, one of my first jobs 
was the inspection of the Burke 
M-G Set which was purchased 
in 1907. This was one of my 
duties for several years during 
which time I changed a few 
brushes, smoothed the com- 
mutator with fine sandstone 
and changed bearing oil. 

We used this unit on a 
marrow gauge railway where 
several electric locomotives were 
operating and where the cur- 
rent was up and down. I was 
always very much interested in 
this generator set and on my 
usual rounds every day to the 
power house I checked various 
operating units and I must say 
that this generator could and 
did take some high current 
punches. 

In 1926 we rewound the AC 
end here at this plant for 550 
volts, 3 phase, 60 cycles and it 
was then shipped to our Ford 
City plant, Works No. 4, for use 
in the machine shop. 

In 1944 it was changed back 
to 2300 volts, 3 phase, 60 cycles, 
and it has been in service at our 
sand mines since that time. 


To my personal knowledge 
the commutator on the DC 
generator of this Burke unit 
was never turned in the lathe 
and only a few brushes changed 
when they were a little short or 
occasionally a brush holder was 
Changed because of a weak 
spring. 

Yours truly, 
P. E. MAHEW 
Chief Electrician” 





Burke 200 KW, 500 RPM. M-G Set with 300 HP 2200 V., 3 Phase Induc- 
tion Motor driving, 200 KW, 230/240 V. Generator, installed in 1907. 


FO years of Sewice in 2 Mlante 
and Still Operating Smoothly 


AARLY in 1947 we honored several new members of the Burke 
Quarter-Century Club and thought it entirely fitting to seek 
out and recognize likewise the oldest Burke electrical unit and its 
supervisor. Actually the M-G set illustrated above was among the 


first major products to bear the Burke nameplate. Prior to 1907, 
our parent company was known as Keystone Electric Co. 


We believe with the above 40 year user we have found the 
oldest Burke unit in service today, but to make certain we are ex- 
tending our search to October 1, 1947. We have discovered many 
Burke units during this search that have served 20 or more years 
which gives Burke men and women réal satisfaction in knowing 
that their good workmanship is reflected in the long service 
records of Burke Equipment. 





BurRKE ELECTRIC COMPANY 1979 w. 12th st. ERIE, PA. 


0.C. MOTORS M-G SETS HIGH CYCLE 
MOTORS MOTORS to); HP MOTORS te 1500 HP M-G SETS— 
1/S0th to 144 HP 1 te 1500 HP 5 fe 7 STD. SIZES 


UNIVERSAL SINGLE PHASE INDUCTION SYNCHRONOUS 
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Sirvene Serves 


RR EEO RE US BOOP IED Orig 


—_ 
at the 


IEART OF THE 
ECHANIS 





‘Wherever extraordinary or difficult operating conditions 
prevail, Sirvene pliable parts deliver dependable service at 
the very heart of the mechanism. They may control fuel 
intake, maintain delicate air pressure and fluid ratios, or 
provide an effective seal against mud, dirt, oil, water and 
other solubles. In each application Chicago Rawhide engi- 
neers custom-develop the Sirvene part from special formulae 
so that it meets exact specifications in design, elasticity or A-Product of the Synthetic Rubber Division 
hardness, resilience, compression set, temperature resist- 

ance and tensile strength. Whenever your designs require Paine Bichik Avis Chicago 22, Iljinois 
unusual molded parts, investigate Sirvene first. 


THE SCIENTIFIC COMPOUNDED ELASTOMER 


Sirvene products include diaphragms, boots, gaskets, oil seals, washers, packings, and other special molded mechanical pliables. 












Wey WIGHT ANGLE LOADING 
ASSURES LONGER BEARING LIFE 


Right Angle Loading splits compound loads into 
the two component parts of pure radial and pure 
thrust . . . and carries each of these components 
on separate bearing assemblies. 
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RIGHT-ANGLE-LOADED 


BEARINGS 


| Reduce shut-downs and maintenance costs 





They prevent wedging of rollers and pinch-out. Reduce 
roller end-rub with its wearing friction. Eliminate complicated 
stresses. Substantially reduce upit pressures. Eliminate com- 
pound or oblique loads, and the resultants of oblique. loads. 
Carry greater radial or thrust load capacity in any given 
dimension. Assure greater resistance to shock loads and vibra- 
tion. Give longer life expectancy. 


FREE SERVICE! 


Send us a print or detailed statement of load, speed and 
operating conditions for free analysis and recommenda- 
tion. Your information is held confidential. 


RELLWAY BEARINGS 


BeaecWAY BEARING COMPANY. INC., SYRAwuU se. o. 
SALES OFFICES: Philadelphia * Boston © Pittsburgh * Cleveland © Detroit * Chicago * Minneapolis * Houston © Los Angeles 
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SEPARATOR 
SPRINGS 


(patented) 


are the answer to 
“floating” discs. Used 
between each pair of 
inner discs, they spread 
them endways with ac- 
cordion action, so that 
light can be seen be- 
tween all discs when 
clutch is in neutral. 
No drag, no abrasion, 
no heating. 











ad. 


THE CARLYLE JOHNSON MACHINE COMPANY 


MANCHESTER «© CONNECTICUT 
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KYO 


INDUSTRIAL EFFICIENCY 












HYDRAULIC PUMPS 


Positive displacement rotary type for hydraulic oils. Pressures up 
to 1000 p.s.i., continuous duty; in some sizes, up to 1200 p.s.i., 
continuous, and 1500 p.s.i., intermittent. Deliveries range from 
-4 g.p.m. at 1800 r.p.m. to 40 g.p.m. at 1200 r.p.m. Plain, base or 
flange mounting. Double-unit models available for two separate 
circuits. Write for Catalog Sections G-101, G-103, G-104, G-106. 



















HYDRAULIC PUMP UNITS 


Deliver a steady oil flow at continuous pressures up to 1000 p.s.i. 
(1200 in some pump sizes) for one or two circuits. Single pump units 
have tank capacities from 412 to 100 gallons, double units from 10 
to 100. Each complete with tank, relief valve, gauges, filter, 
coupling, piping. Standard for N.E.M.A. frame motors, but special 
motors can be used. Write for Catalog Section G-105. 





HYDRAULIC MOTORS 


Sizes up to 8.7 h.p. Efficiently convert hydraulic power into rotary 
power. Have many industrial applications due to unique operating 
characteristics: Can be stalled under load without damage, operated 
safely in explosive and corrosive atmospheres, installed in small, 
confined spaces. Low rotational inertia. Two models with plain, 
base or flange mounting, for direct coupling, belt, chain or gear 
drive. Write for Catalog Section G-108., 
























HYDRAULIC AND AIR CYLINDERS 


Keeper ring construction eliminates tie rods, permits compact design 
and rotation of covers to convenient pipe location. AIR: Double- 
acting, non-rotating, in 7 standard mountings, 9 bore diameters, 
strokes up to 96“’, HYDRAULIC: Double-acting, in 7 standard mount- 
ings, 10 bore diameters, strokes up to 96”. Standard piston rod 
size and 2:1 differential over-size rod. Write for Catalog Sections 
52 (air), 102 (hydraulic). 





HYDRAULIC AND AIR VALVES 


For easy, accurate, positive control of double-acting cylinders. 
AIR: Pressures up to 150 p.s.i. Hand, foot, solenoid, cam and pilot 
operation. Ys, 3/3", Ya", Ye and 1” sizes. HYDRAULIC: 4-way valves 
for oil up to 1500 p.s.i. (also 3000 p.s.i.) Standard, spring-return, 
spring-centered, and ball-detent action. 5 piston sizes for any 
hydraulic circuit. Write for Catalog Section 300 (air), 200 (hydraulic). 











AIR & HYDRAULIC DEVICES 


BALTIMORE 3, MD- 





GEROTOR MAY CORP., 
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Cartridge 
Unit 


Flange 
Cartridge Unit 
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*—— MODERN MACHINE 
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@ Seal Masters’ exclusive combination of features assures simplification in mount- 
ing, and smooth, long-life operation—with lov maintenance costs—in a basic 
combination for all types of new or re-designed equipment. Furnished in several 
types of housings, SealMasters are built to take both radial and thrust loads. 


1) Self-aligning, SealMasters provide for mis-alignment in any direction 
without distortion of seal. 2) Patented centrifugal flinger seal efficiently ex- 
cludes dirt and retains lubricant. 3) Each SealMaster unit is pre-lubricated at 
the factory—ready for installation. 4) Patented locking pin prevents outer race 
rotation and housing wear—another basic for quiet operation. 


SealMaster Catalog No. 845 lists sizes dimensions and complete engineering 
data. Write for your copy today .. . it’s free. 


BEARING DIVISION 


STEPHENWD"4a DAMSON 


18 RIDGEWAY AVENUE, AURORA, 





ILLINOIS MFG. CO. LOS ANGELES, CALIF. * BELLEVILLE, ONT. 
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NORMA- HOFFMANN 
BALL BEARINGS 


Rugged~—thoroughly de- 
pendable for carrying thrust 
and radial loads. 


NORMA- HOFFMANN 
ROLLER BEARINGS 
Short, cylindrical roller de- 


sign... heavy-duty bronze 
retainer...lowest possible 











co-efficient of friction under 
heavy load. 













Norma-Hoffmann heavy-duty Bearings improve the 
design and performance of products wherever they 
are used. They are dependable, give friction-free 
smoothness and quietness of opera- 
tion. Available in a wide range of 
sizes for every load, speed and 
duty. Write for catalog and engi- 
neering assistance. 








NORMA-HOFFMANN 






Precision BEARING 
BALL ROLLER + THRUST 


NORMA-HOFFMANN BEARINGS CORPORATION 
STAMFORD, CONNECTICUT 
FIELD OFFICES: New York, Chicago, Cleveland, Detroit, 
Pittsburgh, Cincinnati, Los Angeles, San Francisco, Seattle, Phoenix 
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partners in 


@ So clearly and unmistakably are draftsmen able to express their ideas on 
paper that their drawings have re-shaped the world. Through line, figure and 
symbol, draftsmen define the work to be done by the labor and machines of a 
nation. Assisting them to attain precision and clarity ore drafting instruments 
that act almost as living extensions of their own hands...instruments that function 
figuratively as their partners in creating. 

For 78 years Keuffel & Esser Co. drafting equipment and materials have been 
pariners, in this sense, in shaping America, in making possible its swift-moving 
highway traffic, its speed in conducting business, its victorious might in war 
.--90 universally is K & E equipment used, it is self-evident that every engineering 
project of any magnitude has materialized with the help of K & E. Could you 
wish any surer guidance than this in the selection of your own “drafting 
partners”? 

You will find special advantages, for example, in PHOENIX* Tracing Cloth, 
which K & E has made almost “ghost-proof.” Here is a cloth from which you 

can erase either pencil or ink lines without 

e risking untidy. “ghosts” on the prints, a 

C reafi Ng _ Cloth practically immune to stains from 

perspiration and water. You can even 

soak it in water for ten minutes at a time 

without harm! For further details about PHOENIX* Tracing Cloth, write on your 
letterhead to Keuffel & Esser Co., Hoboken, N. J. 


*REG.U. 8. PAT. OFF, 


eee the world’s 
greatest highways 
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Booth 670 

Machine Tool Show 

Dodge-Chicago Plant 
September 17-26 





for Finishing 


SPHERICAL 
CONICAL aad 
CYLINDRICAL | 


GEARG oe : 5 oat — 


Be sure to see this fast, versatile, precision grinder at work when 
you visit the Machine Tool Show. 


See it grind external and internal cylindrical surfaces, generated 
or formed spherical external and internal surfaces, external conical 
surfaces, internal tapers, ball bearing races and fillets. 

With a single set-up you can grind combinations of the above, 
with a perfect blending of straight and curved surfaces—with ex- 
treme accuracy. - 


Ilustrated literature, showing the many new features of this 
machine, set-ups for many types of work and complete specifi- 
cations will be mailed upon request. 








MACE 
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A ACE MUST SE CONCENTRic 
2835 -.6845 0D 


TYPE 303 -COLD WORKED STAINLESS STEEL 
TO HAVE MINIMUM SARONESS ON OVTSIDE 
[a 


278- Rockwerr 


Valve Needle made from Carpenter Stainless No. 8 


a Me —_ - z ts - \ ’ 
NYow- J 
, @ Correct speeds, better finishes and longer tool 


life on your machining jobs will lead you to a lower cost 


USEFUL INFORMATION on each unit made from Stainless bar stock. 


h For the lower unit costs that are so important now, ask your 
fo cut costs wnere you nearby Carpenter representative for your copy of the new 


Carpenter “NOTEBOOK on Machining Stainless Steels’. Just 


MACHINE STAINLESS STEEL i published, this 116-page NOTEBOOK is packed full of useful 


shop hints and machining information... much of it never 





before printed. For example— 


COMPLETE CHECK CHARTS in each section list common trouble spots, 
and help you find the best cure in each case. 


SPEEDS AND FEEDS recommended for various types of Stainless are 
given in the useful table you'll find in each chapter. 





LUBRICATION AND STONING are thoroughly covered. The NOTEBOOK. 
is a complete and up-to-date shop tool for any plant where Stainless 
is machined. 


Your Carpenter representative will be glad to give personal copies to 
Production and Management executives. And if you want extra copies 
for the men in your plant, they can be secured at cost—50¢ apiece. 





THE CARPENTER STEEL CO. 122 W. BERN STREET * READING, PENNA. 


mee 


er 
STAINLESS STEELS 








a cott0sion p, 


x ~ AVAILABLE FOR PROMPT SHIPMENT FROM STOCK 


é 


Branches: Bridgeport, Conn. + Boston + Buffale « Chicago + Cincinnati 
Cleveland + Dayton « Detroit » Hartford +» Indianapolis « Los Angeles » New York 
Philadelphia + Providence « St. Louis « Worcester, Mass. 


SEE THE CLASSIFIED SECTION OF YOUR TELEPHONE DIRECTORY 
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These 
CLEVE-WELD METHODS 


can cut your cosis 


THE CLEVELAND WELDING COMPANY 


WEST 117th STREET & BEREA ROAD e CLEVELAND 7, OHIO 
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McGILL, INC., well known for its 
introduction of full type roller bearings 





in this country fifteen years ago, 


af now presents the latest develop- 
Ziv’ MULTIROL “CYR BEARINGS PROVIDE ment in this versatile line: the 
SMOOTH ACTION UNDER HEAVY LOAD MULTIROL CAM YOKE ROLLER 
in BEARING. These CYR BEARINGS have 
FOSDICK RADIAL DRILL PRESSES been thoroughly tested and 


proven in cam action, 
guide and support roller applications, including the FOSDICK RADIAL DRILL PRESS, built by The 
Fosdick Machine Tool Co., Cincinnati, Ohio. In this application CYR BEARINGS are built 
into the column assembly to support the heavy overhanging weight of the swinging arm. 
As an addition to the McGILL MULTIROL CAM FOLLOWER series, CAM YOKE 
ROLLER BEARINGS were designed for greater adaptability to your automatic machinery 
involving cam action or controlled motion of machine parts requiring guide or support rollers. 
Outer race sections are built extra heavy for shock load resistance, and an inner ring 
replaces the stud to accommodate a full range of shaft sizes. For complete information, 
write for the new McGILL CYR bulletin: McGill Manufacturing Company, Inc., 200 North 
Lafayette Street, Valparaiso, Indiana. 








SEE THE NEW 
MULTIROL CYR BEARING 
AT THE MACHINE TOOL SHOW 


precision 


BOOTH 549 E hearings 
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VIBRATION CONTROL now SIMPLIFIED 





ena cnc ccnerenment: 











GREAT NEWS! 


ss 


.. with MB | develop ments 
in vibration engineering. 





ERE’S A REMARKABLE, new method of locating 
H support points for flexible mountings. It re- 
duces your difficult design problem to an almost rou- 
tine job. And what’s more, it assures you optimum 
isolation every time, from standard units, with math- 
ematical certainty! Here are partial details: 


THE MB ISOMODE* DESIGN CHART 
SAVES WORK, SAVES TIME 


Set down graphically are the relationships you formerly 
found by trial and error. Each quadrant covers a differ- 
ent phase of the entire vibration problem. You outline 
your product right onto the chart. Then read your solu- 
tions directly from intersections of various curves and 
mount-locations of product. 


SEND FOR FREE REPRINT 


This technical paper gives the 
information you need for better 
vibration control design. It de- 
scribes the chart—shows you how 
to use it. No obligation, of course. 
Write Dept. B3. 
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RADIUS OF 
GYRATION(r) 


eo Ae 
¥ ¥ 
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ISOMODE DESIGN CHART 


THE MB ISOMODE* UNIT— 
CLINCHES THE RESULTS 


You can install these units at any convenient angle—be- 
cause MB engineered them with an equal spring rate in 
all directions. That’s also why they isolate with extra 
high efficiency. For the same radial and axial softness 
absorbs not only vertical, but herizontal and rocking 
motions as well! They have high deflection capacity, yet 
are thoroughly stable. Safe, self-snubbing, compact sizes 
are available for loads of % pound to 2500 pounds. 


Why not investigate this simplified MB method? 
Give your product the benefit of vibration control 
accomplished in the design stage—and make no com- 
promise on efficiency. You’ll get a product that works 
more smoothly, lasts longer—and sells better! 


@lrade Mark Feq. U. S. Pat. Of. 

















Ma 











HERE IS RELAY EXPERIENCE 


-««» During the past 25 years, Struthers-Dunn has produced millions of relays 
in thousands of types for hundreds of uses. 


....» This 640-page RELAY ENGINEERING HANDBOOK brings you 
full benefit of this experience — in terms of helping you select the right relay for a job, 
then install and maintain it properly. 


- »-- Over 15,000 engineers already use the Handbook. 
3rd PRINTING NOW AVAILABLE e $3 PER COPY 


STRUTHERS: DUNN 


~ 5,348 RELAY TYPES ~ 
STRUTHERS-DUNN, INC., 150 N. 13TH ST., PHILADELPHIA 7, PA.) 
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PRICE $1.00° POSTPAID 
100 PAGES 
PROFUSELY ILLUSTRATED 


15 CHAPTERS OF 
PRODUCTION PROCESSES 


BROACHING 
SPINNING 
SCREW MACHINING 
DIE FORGING 
TURRET LATHE MACHINING 
STAMPING 
DEEP DRAWING 
SWISS AUTOMATIC MACHINING 
GEAR SHAPER GENERATING 
ROLL FORMING 
CONTOUR SAWING 
FLAME CUTTING 
COLD HEADING 
SECTION CONTOUR FORMING 
SHOT PEENING 
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PRODUCTION 


PROCESSES... 


THEIR 
INFLUENCE ON DESIGN 


By Roger W. Bolz 
Associate Editor, MACHINE DESIGN 


IMPORTANCE of mass production processing methods 


relative to their tremendous influence upon practical, 





economical and satisfactory design is gaining wide recognition. 
Design changes to simplify and reduce the cost of manufacture 
after release of parts to the shop are usually costly and often 
cause undue delays. To assist the designer in evaluating the 
various processing methods available and help in achieving the 
advantages of maximum economy, accuracy and speed in the 
manufacture of tomorrow’s machines, a series of articles are 
appearing currently in MACHINE DESIGN. The first fifteen 


parts, listed at the left, are now available as a bound volume. 


Order your copy today—use the convenient order form below. 


SS SSS SS SSS SSS SSS SS SSS SSS SSS SSS SSS SSS SS SSS Sess esa, 
MACHINE DESIGN, Book Department 
Penton Building, Cleveland 13, Ohio 

Please send ........ copies of “PRODUCTION PROCESSES” at $1.00° 
per copy. (Discount on quantity orders, prices on request.) 


(0 Payment is enclosed, 
(C0 Send invoice to company as shown below. 


DE on ody RGclk ose Wa biden die 40 S0s bat Uh vide OGM ERR EO Sc kebuees 4 v0.8 Vertes 
nae ig 0s ua ik pw sekc.ate & Saks 0-46 a wake die ode Ad 4 Wo GRP Se Sas Ra 8000 94 CUSED SCO S OD 
Ce APE DPE et SOE POE Yee re ee i) Serene er eee Par! fee eee 
BE ons 46 oh aR RS Ae ea aneNee Ree e aS | EES eee ME fo tices aaes 2 desis 


® Please add 3% state sales tax on orders for delivery in Ohio 


eee ee ee 
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“Tailored steel” becomes 
a regular steel warehouse 
commodity when an 
OxweLp shape-cutting 
machine is used. 

















LINDE process service 


cuts production corners 





Stainless steel plate, difficult * 

to oxygen-cut by usual - 

methods, can be quickly cut = * 

You may be taking advantage of to size and shape by powder- . 
culling. * 

all of the more apparent econo- : 
mies of LINDE methods. Yet, 1 ae fen 
Scrubbing steel with a brush ; 

through the broad and compre- of flame removes scale, -ust, — * 
and surface moisture prior. 

hensive experience of the LINDE to polating, Shis't Game. 
priming, a LinpE develop- > 

ment. - 

service organization,. Important . 
additional savings may be made. (ees ee tear eres 4 


Heniarc welding makes . 
strong, clean welds in stain- *° 
less steel tubing because the =< 
weld zone is protected from 
oxidation by a protecting 
envelope of argon or helium 
vas. 


LINDE Process Service is avail- 
able to all LINDE customers 


through any LINDE office. 





The design of a simple jig 
for centering cold rounds— 
or the design of a completely 
mechanized flame-condi- 
tioning installation — are 
examples of LinpE Process 
Service. 


eee er eee eeeeeeee 





The words “Linde”, “Oxweld” and “Heliarc”’ are registered trade-marks of 
Units of Union Carbide and Carbon Corporation. 


THE LINDE AIR PRODUCTS COMPANY 
Unit of Union Carbide and Carbon Corporation 

30 East 42nd St., New York, 17, N.Y. [I[afg Offices in Other Principal Cities 

In Canada: DOMINION OXYGEN COMPANY, LIMITED, Toronto 





















N-B-M 
GRIDDED BEARINGS 


‘WITH BUILT-IN 


LIFE PRESERVERS 


* SS 
SESS RBBB eee 
Se 




















¢ 

y, 
fi 
f 


SEeeeeeeeeeene aes 
SESS BERR eeee FZ 
SSS SSBB eee oP 
See eeeeeeeeaen J 
SSE BSR eeeeee 
SESS BEB eeeeees 
SESS Seeee 
SEB 8 8 8 oe 
gues , aa 
ae 













CeCe eee eeeeee 


al 
@MEGSGSBBERB SERRE ES 






a aceasta peenessnncite ttt 
“> xs 


ont 


The babbitt and bronze structure of N-B-M Gridded 
Bearings gives them ample fatigue strength and seizure 
resistance for heaviest-duty service. In case of emer- 
gency...severe overstress or temporary lack of lubri- 
cation...some of the babbitt goes into instant action. 
Melted by frictional heat, it flows out of the grids over 


: the critical area to prevent seizure and save the shaft. 
N-B-M BEARINGS 
BETTER BEARINGS It pays to specify N-B-M Gridded Bearings wherever there's 


danger of overstress. Our new manufacturing process makes 


N= them available at “mass-production” savings. May we send 


you complete engineering data? 


Brake Shoe NATIONAL BEARING DIVISION 


PLANTS IM: ST. LOUIS, MO. © PITTSBURGH, PA. © MEADVILLE, PA © JERSEY CITY, W. J. © MILES, OWI © PORTSMOUTH, VA. © ST. PAUL MINN. © CHICAGO, ILL 
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58. Hose Fittings & Tools 
Punch-Lok Co.—8-page illustrated catalog 
No. 285 deals with preformed clamps, open 
end clamps, Punch-Lok method of application 
and tools and accessories. Instructions for 
operating various kinds of Loking tools are 
given. 


59. Screw Machine Parts 


Wedler Bros., Inc.—4-page illustrated folder 
“Makers of Special Machined-From-The-Bar 
Products” presents details of company’s facili- 
ties in making precision screw machine parts 
to any given specifications. Wide variety of 
shapes and sizes is depicted. 


60. Vibration Dampeners 

MB Mfg. Co.—4-page illustrated folder No. 
405 presents information concerning Isomode 
pads; method of pad installation and their im- 
pact and shock absorbing qualities when used 
with various types of machinery and testing 
equipment. 


61. Centrifugal Pumps 


Quimby Pump Div., H. K. Porter Co.— 
8-page illustrated bulletin No. 300A describes 
line of model Q_ close-coupled centrifugal 
pumps for general service in capacities of 10 to 
1000 gallons per minute. Selection tables, di- 
mensional data and construction features are 
detailed, : 


62. Heat Resistant Plastic 


Rohm & Haas Co.—4-page illustrated folder 
“Announcing Plexiglas V” deals with this heat 
resisting plastic which has excellent moldability 
and exceptional water white clarity. Shrinkage 
after 48 hours at 100 C is less than 10 mills 
per inch, Material is available in commercial 
quantities. 


63. Name Plates 


American Name Plate & Mfg. Co.—8-page 
illustrated catalog shows common and weil 
known name plates of decorative nature, plates 
bearing legends and diagrams and precision 
scales and rules. Lettering, design, shape, 
color, finish and price of plates are covered. 


64. Fused Plugs 


Electro Motive Mfg. Co.—4-page illustrated 
folder “El Menco Fused Plug” describes this 
plug type electrical connector which carries 
its own fuse. It attaches to cord- just as or- 
dinary plug, and blown fuses are removable for 
replacement. 


65. Hydraulic Power Unit 
Simplex Engineering Co.—4-page illustrated 
bulletin PU presents information on Seco Fluid 
Power Package which is ready for installation 
on almost any type hydraulic press. Schematic 
drawing shows complete details of unit. 


66. Torque Motors 

B. A. Wesche Electric Co.—8-page illus- 
trated bulletin No. 3a/19 presents information 
on custom built torque motors in any size up 
to 75 horsepower for any application. Typical 
motors are shown. 


67. Fastening Devices 

Lamson & Sessions Co.—24-page illustrated 
brochure “Lamson Special Purpose Fasteners” 
reveals information on line of fastening devices 
which includes nuts, lock nuts, pipe plugs, 
Lok-Thread studs, plastic inserts, weathertight 
bolts, bent bolts, wire rope clips, cotter pins, 
toad machinery bolts and nuts, furniture bolts, 
place bolts, Dardelet River bolts, set screws, 
etc. 


68. Solenoid Valves 


Automatic Switch Co.—12-page illustrated 
catalog No. 200-R reveals information on line 
of Asco solenoid valves for automatic and 
remote control of the flow of liquids and 
gases. All units operate on standard 110, 220 
or 440-volt 25/30/50/60-cycle alternating cur- 
rent or 115 or 230-volt direct current. Pilot 
and explosion-proof valves are covered also. 





DESIGN 


HELPFUL LITERATURE 
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69. Pneumatic Equipment 

Hansen Mfg. Co.—4-page illustrated cata- 
log “Airline Equipment” deals with complete 
line of sockets, plugs and hose clamps for air, 
oil, grease, oxygen and acetylene; union stems; 
pipe unions; air blow guns; spray guns; engine 
cleaners; and sandblast cleaners. 


70. Electric Motors 

Eicor, Inc.—lIlustrated data sheet No. 47-1 
describes model No. 7 alternating current 
motors which are available in %, % and 1 
horsepower ratings. Diagrams on performance 
and torque values are included. 


71. Voltage Controls 

Superior Electric Co.—12-page illustrated 
bulletin No. 547 covers various types of voltage 
controls including Powerstat variable trans- 
formers and Stabiline voltege regulators and 
outlines their connections, adaptations and rat- 
ings. Both electr« hanical and instantaneous 
electronic models are portrayed. 


72. Hydraulic Power Units 

B. F. Perkins & Son, Inc.—8-page _illus- 
trated folder “Perkins Hydraulic Power Units” 
deals with models 200 and $75 low pressure; 
275, 220, 8200 high pressure; and type L 
dual pressure series hydraulic power units. 


FOR MORE 








73. Pillow Blocks 

Randall Graphite Products Corp.—20-page 
illustrated catalog No. 47 outlines features of 
self-aligning, self-lubricating pillow blocks 
which feature multiple mounting facilities, 
lightness of weight and cadmium finish, 


74. Hydraulic Press 

Denison Engineering Co.—8-pagé illustrated 
catalog HydrOILic Press”, Vol. 1 No. 1, 
presents photographic reproductions, charts, 
tables and specific information regarding ap- 
plication of hydraulic press. 


75. Bonded Rubber Mountings 
Lord Mfg. Co.—10-page illustrated bulletin 
No. 106 presents features of Multiplane shear 
type bonded rubber mountings for isolating vi- 
bration from all directions. Standard sizes, 
specifications and dimensions are given. 


76. Snap Action Switch 


Mu-Switch Corp.—4-page illustrated folder 
No. Q-1-547 outlines features of model Q 
miniature snap action precision switch for ap- 
plication in industrial, transportation and com- 
munication fields. Unit has high current carry- 
ing capacity and an approximate life of 50,000 
operations. It is less than %-inch in diameter, 


INFORMATION 


on developments in “New Parts” and “Engineering Department” 
sections—or if “Helpful Literature” is desired—circle correspond- 
ing numbers on either card below. 
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78. Relays 

American Relay & Controls, Inc.—4-page 11- 
lustrated folder “Amercon Relays” describes 
twelve different types of relays of various 
ratings for practically every type of equipment 
control. Included im discussions are leaf 
switches, snap switches, etc. 


79. Small Transmissions 

Oilgear Co.—8-page illustrated bulletin No. 
67110 describes line of small fluid power 
variable speed transmissions up to 3_horse- 
power in size. Input speeds up to 1750 revo- 
lutions per minute can be accommodated and 
output speeds are variable from 0 to 1600 
revolutions per minute, 


80. Hydraulic Cylinders 

Air & Hydraulic Div., Lindberg Engineering 
Co.—12-page illustrated bulletin No. 700 de- 
scribes oil hydraulic cylinders available in ten 
standard bore sizes of from 2 to 8 inches and 
in seven selective mounting styles for prac- 
tically any type of installation. 


81. Speed Reducers 

Ottumwa Iron Works — 4-page illustrated 
folder form No. 102 presents features of fully 
enclosed, automatically lubricated, dustproof 
and oiltight single, double, and triple reduction 
types of speed reducers. Service factors, ca- 
pacities and ratios are charted. 


82. Optical Comparator Charts 

Engineers’ Specialties Div., Universal En- 
graving & Colorplate Co.—60-page illustrated 
spiral-bound booklet is compilation of several 
bulletins and data sheets describing radius 
charts, projector charts, projector scales and 
projector rules for use on all makes of optical 
comparators and measuring and micro projec- 
tors. 


83. Bolts, Nuts & Studs 

Pawtucket Mfg. Co.—54-page catalog No. 
46 is intended to serve as guide in selecting 
brass, bronze, silicon bronze, stainless steel and 
Monel metal bolts, nuts, washers and screws. 
Catalog provides specific information and price 
listings on wide variety of types and sizes. 
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84. Tube Fabrinating Susiguent 


Parker Appliance Co.— 
catalog No. 401 outlines features of produc- 
tion tube bender and accessories, hand benders, 
cutters, flaring tools, beading kit and tube 
fabricating service. Helpful operating informa- 
tion and photos illustrating tools in use are 
included. 


85. Infrared Lamps 

General Electric Co.—6-page illustrated 
folder Y-689 contains descriptions and tech- 
nical data on industrial heat lamps for use in 
heating, drying and baking applications. Also 
described are four types of ovens suited for 
employing these lamps. 


86. Industrial Adhesives 

B. B. Chemical Co.—4-page illustrated 
folder “‘Adhesive Facts” describes line of air 
drying cements, cold curing cements, hot cur- 
ing adhesives and dispersions fcr joining plas- 
tics to metal, wood, cloth, leather, rubber or 
any combination of these materials, 


87. Hydraulic Pump 

Pesco Products Co.—lIllustrated data sheet 
No. 109 deals with model No. 051006-010 all- 
purpose hydraulic pump designed for use on 
dump trucks, lift trucks, industrial trucks, hy- 
draulic presses, machine tools, stackers, loaders, 
etc. Capacity is 15 gallon per minute at 1200 
revolutions per minute at 1000 pounds per 
square inch, 


88. Small Induction Motors 

Jack & Heintz Precision Industries, Inc.— 
4-page illustrated folder presents informa- 
tion on type C fractional horsepower induction 
motors which provide constant speed. Standard 
rotation is counter clockwise. Diagrams of 
construction and outline dimensions are in- 
cluded. 
89, Induction Heating Gun 

Ohio Crankshaft Co.—Illustrated data sheet 
“The Tocco Heat Gun” describes portable in- 
duction heating gun and relates its features. 
Unit is recommended for induction soldering, 
hardening, brazing, annealing, melting and 
forging operations. Gun is fully portable. 


MACHINE DESIGN 





COMPANY 
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This card MUST be completely filled out. 


Please TYPE or PRINT. 














BUSINESS REPLY CARD 


No Postage Stamp Necessary if Mailed in the United States 








4c POSTAGE WILL BE PAID BY— 
MACHINE DESIGN 


Reader's 


Penton Building 
Service Dept. 


CLEVELAND 13, OHIO 


90. Bearings 


Bunting Brass & Bronze Co.—64-page cata- 
log No. 46 deals with industrial, precision 
bronze, electric motor, graphite oilless bearings 
and babbitt metals. Data on standard stock 
sizes, prices and specifications are included as 
well as inside and outside diameters, lengths, 
flanges, etc. 


91. Variable Speed Drives 


American Pulley Co.—lIllustrated bulletin 
“Speed-Jack Drives” explains how maximum 
and minimum speeds on machinery drives 
operating up to 1 horsepower can be obtained 
through use of variable speed transmissions. 
Drive tables and charts enable user to select 
quickly proper size sheaves for desired speed 
range. 


92. Stainless Steel Tubing 


Babcock & Wilcox Tube Co.—4-page illus- 
trater folder “B & W Stainless Steel Tubing” 
presents line of tubing for application in 
process piping, evaporating and condensing 
equipment, heat exchangers, precoolers, transfer 
lines and other related uses. Grades, sizes and 
finishes are covered. 


93. Milling Machine Attachment 


Malnar Machine & Tool Co.—lIllustrated 
data sheet “Make Your Bridgeport Universal” 
describes horizontal unit for milling machine 
that eliminates need of resetting errors, pro- 
vides spindle speeds from 125 to 3000 revo- 
lutions per minute and permits accuracy and 
high production rate. Unit is shipped ready 
for installation. 


94. Strip Expanders 


H P L Mfg. Co.—4-page illustrated folder 
“New Strip Expanders” describes units that 
are designed for use on all pneumatic or hy- 
draulic equipment to maintain constant contact 
between packing seal lip and cylinder wall. It 
is necessary only to cut suitable length of 
expander and insert it between seal and plate 
to secure required pressure on lip. 


95. Metal Strengthening 

Rigid-Tex Corp.—1l2-page illustrated bulle- 
tin No. 447 describes Rigidi process for 
strengthening and decorating ferrous or non- 
ferrous strip and sheet metals. Information on 
range of applications, cost reduction through 
use of Rigidized metals and patterns obtained 
are presented. 


96. Flexible Couplings 


Climax Flexible Coupling Co.—4-page folder 
form No. 51-SE deals with types A, SA and L 
knob disk constructed flexible couplings. These 
units provide noiseless operation and complete 
insulation between driving and driven units. 
Information on how to select proper coupling 
is given. 

97. Springs 

H. K. Porter Co.—28-page illustrated cata- 
log “Porter Springs” covers wide range of half 
and full elliptic springs, truck springs, bolster 
spring plates, helical springs and special wire 
shapes. Standard tolerance chart, graphs used 
for hot wound springs and tables for cold 
wound helical springs are included. 


98. Mixing Control 

Askania Regulator Co.—16-page illustrated 
bulletin No. 101 deals with equipment for the 
continuous mixing of two or more fluids in 
definite proportion. Automatic and manual 
controls are described and charts are presented 
to define clearly factors for orifice determina- 
tions and ranges of application. 


99. Steam Turbine Governor 

General Electric Co.—4-page illustrated bul- 
letin No. GEA-4764 describes an electrically 
governed steam turbine. Governor provides ac- 
curate control over wide speed range. Salient 
features of unit are revealed in cutaway photo- 
graphs, and schematic diagram illustrates inter- 
relationship of speed sensitive element, control 
panel and relaying mechanism. 


100. Capacitors 

Capacitron Co.—Two illustrated catalogs 
“Type EC Capacitron” and “Motor Starting 
Capacitors” reveal information on oil type 
capacitors with ratings up to 10 microfarads 
at 600 working voltage direct current and line 
of universal replacement capacitors for alternat- 
ing current motor starting respectively, 


























Smooth, easy engagement and quick positive release of 






your machine tool clutches are prime essentials if your 






precision work is to be accomplished with sufficient speed 






and accuracy to return a profit. Twin Disc Machine Tool 






Clutches are designed, built and applied to assure these 






necessary factors. 
Write the Twin Disc Clutch Company, Racine, Wis- 













consin, for Bulletin No. 134A, which gives complete data 












SEE THE TWIN DISC on the Twin Disc Model MTS (single) and Model MTU 
CLUTCH DISPLAY at (duplex) Machine Tool Clutches, both oil and dry types. 
the Machine Tool Show Twin Disc CLutcH Company, Racine, Wisconsin (Hy- 


in Chicago, Sept. 17 


draulic Division, Rockford, Illinois). 
to 26. Booth No. 453 
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Model MTS (single) i» 
Machine Tool Clutch 






Model MTU (duplex) ° 
Machine Tool Clutch 
















Heavy Duty Hydraulic Hydraulic 


Clutch Torque Converter Coupling Reduction Gear 





Marine Gear ff 





TWi i(Dise 


CLUTCHES AND/HYDRAULIC DRIVES 
ety 


Ao : : g oe 


SPECIALISTS IN INDUSTRIAL CLUTCHES SINCE 1918 
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OHIO | 
st pplicatiou- Proved 


MOTORS | 


Better Your Product 


|. Extremely durable cast-iron frame .assures 
accurate alignment of bearings 
2. Motor constantly 

signed fan and air pass 


3. Permeability improved by 
nealing stator laminations 


carefully 


4. Insulated windings are trouble-free 


. i bd ! 

5. Well designed starting switch relates 
quiet and positive of operation 

6. Heavy base cast integral provide 
flat mounting surface 

7 Rugged cast 
opening at bottom for 


end cover has 
ventilation 
8. Large oil reservoirs, packed wit! 
provide clean, reliable lubrication 
and dust seal prevents oil leakage 
9. Manganese alloy steel 
tensile strength 


lO. Superior 


¢ QHIO ELECTRIC MFG. « 


Cleveland 4, Ohio 


relr:Taavelaremm ele) acre! 





5906 Maurice Ave. « 

















Cincinnati: Coniflex gears make possible wider operating tolerance 
. allowing slight deflections in operation without dangerous con- 
centration of the load at the ends of the teeth. 


For smoother, quieter operation . . . localization of tooth contact 
in Cincinnati Coniflex Gears assures a good tooth bearing under 
operating loads. 


For faster . . . easier assemblies look to Cincinnati Conifiex Gears 





THE CINCINNATI GEAR COMPANY 


Good Gears Only”’ 


'*Gears 
Wooster Pike and Mariemont Ave. * Cincinnati 27, Ohio 




















The New in Arc Welding 
.-your guide to LOWER COSTS 


NEW EIGHTH EDITION “Procedure Handbook of Arc Welding” 
gives you the latest information on all phases of this fast-growing, 
process for lower costs and better products. 35 new procedures. 
22 new cost tables. 16 new subjects in Arc Welding design, tech- 
nique, application. 

Even if you have previous editions of the “Procedure Hand- 
book”, you cannot afford to be without the new, authoritative Eighth 
Edition. This 1312-page “‘bible of Arc Welding” outdates all pre- 
vious editions . . . affords you the assurance of reliable reference data! 
at negligible cost. 





ONLY 


s[50 


Postpaid 
in U.S.A 


$2.00 elsewhere 





1312 pages...1647 illustrations. Size 6" x 9” x 1%” 





* Welding Methods & Equipment * Machine Design 
Technique of Welding ~ * Structural Design 
* Procedures, Speeds & Costs * Applications 

© Weld Metal & Methods of Testing «© Reference Daia 
@Weldability of Metals 





Order your Handbook today. 


MACHINE DESIGN 


Book Department - 1213 W. Third St., Cleveland 13, Ohio 
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Eliminates Complicated 
Gearing and Clutch in 
New Britain-Gridley dane 
matic Chucking Machine 


Eid ee 





Whitney Silent Chain power drive 
and 6-spindle drive 


For positive, uniform 
spindle speeds, New Britain-Gridley uses Whitney 
Silent Chain to drive the six spindles in their Model 
16 Chucking Machine. 

The spindles of this machine are mounted on a 
circular spindle carrier. Whitney Silent Chain 
operates on the sprocket portion of the spindles and 
meshes with each of the spindle drive sprockets. 
As the spindle carrier indexes, each spindle coming 
into the loading and unloading station-.disengages 
with the chain so the operator may chuck and un- 
chuck the work piece. 

After the piece is chucked, the carrier indexes the 
spindle into #2 position, the sprocket meshes with 









New Britaia-Gridley 6-Spindle Chucking 
achine 


the continuously operatiug chain and the spindle 
begins to drive. 

In addition to other advantages, this chain drive 
design made it possible for New Britain-Gridley 
engineers to eliminate the need for a clutch to stop 
the spindle as it indexes into the loading and 
unloading station. 

Designers and builders can improve the perform- 
ance of their machine tools and other equipment 
with Whitney chain and cut tooth sprockets. This 
all-steel drive delivers full rated machine capacity, 
withstands shocks and overloads and cuts main- 
tenance costs. It pays to standardize on Whitney. 
Write for information, today. 


The Whitney Chain & Manufacturing Company 


HARTFORD 2, 
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DISTINCTIVE DRAFTING ROOM FURNITURE 


METAL BASE TABLE 
5-PLY BASSWOOD TOP 
STRONG TUBULAR LEGS 
TELESCOPIC TILT ADJUST- 


WOOD BASE TABLE 


5-PLY BASSWOOD TOP 





STURDY OAK LEGS 





ADJUSTABLE TO HEIGHT MENT 
TABLE STANDS FIRM AND 
TELESCOPIC TILT ADJUST- RIGID 
MENT 
SIMPLE AND EASY TO AS- 
ATTRACTIVELY FINISHED SEMBLE 
NOW AVAILABLE WITH KNOB NOW AVAILABLE WITH KNOB 
ADJUSTMENT ADJUSTMENT 


Man size Knobs make adjustment to height a simple matter. Wood table can be had in Top sizes 21 x 26 through 42” x 
72”. Metal Base table sizes are from 21 x 26 through 30” x 42”. Attached parallel ruling straightedges standard in “‘C” 


combinations. 


ASSOCIATED ITEMS 
PARALLEL RULING STRAIGHTEDGES — TOOL DRAWERS — STEEL STOOLS 
PAPER DISPENSERS—PROFESSIONAL GRADE TRIANGLES—PENCIL POINTERS 


COMPLETE LINE OF OTHER EQUALLY FINE EQUIPMENT — DESCRIPTIVE LITERATURE AVAILABLE 


ENGINEERING MANUFACTURING COMPANY 


327 North Commerce Street, Sheboygan, Wisconsin 
Where Fine Drafting Equipment Predominates 















Surface - Spherieity » Preecsiou 
ROM B 


It takes a long series of proc- 
esses, developed -and per- 
fected over a period of years, 
to make a thing as faultless in 
material and form as a Strom 
Metal Ball. Worked to a tol- 
erance of fifty millionths of an 
inch, their outstanding qual- 
ities of finish, sphericity and 
precision have made Strom 
Balls the standard of industry. 
Strom Steel Ball Co., 1850 So. 
54th Ave., Cicero 50, Illinois. 


Stroit] vs 


PrN by Ep 


















Machines used in 
final lapping oper- 
ation on medium 

























and large Strom 
Balls. 










LLS 


| 


@ Serve Industry 
x PhS iV &£ L 


MANUFACTURER 





M E T A L B AL 
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LEKTROMESH 


Lektromesh . . . the new, one-piece solid metal- 
plated screen is made by electrodeposition . . . 
supplements rather than competes with woven 
wire. Continuous production methods permit 
runs of 100 foot rolls up to 35 inches in width 
of 40 to 120 mesh . . . meshes 150 to 400 in smaller 
units ...and is furnished in nickel and — 
This unique product presents a smooth surface 
and is readily fabricated by stamping, welding 
and soldering. Combining accuracy and uni- 
formity of openings with the smoothness of 
perforated metals, Lektromesh applications are 
unlimited. Ideal for strainers in fuel systems, 
dry-screening and a large number of specialized 
items. Distinct value lies in its even plane surface 
that withstands wear when exposed to doctor 
blades and scrapers as in continuous filters and 
its unique ability to screen material with 
minimum clogging. 


Lektromesh folder and small sample availabie. 
Write Dept. L- 206 








i 
THE C. 0. JELLIFF MFG. CORP. 


DIPPING BASKETS WIRE MESH PA 
LEKTROMESH WIRE i 


RESISTANCE WIRE TRAINERS « FILTERS 


CONNECTICUT 


SOUTHPORT 








ry. 
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SPECIFY 


AMRECON 


Telephone Type 


RELAYS 





eT technical knowledge of 
practical relay application simplifies your 
own control requirement problems. Our 
new modern plant is now in full opera- 
tion and we can offer you prompt de- 
livery and even greater service. 

Write for our informative illustrated 
Bulletin listing our many products, de- 
scribing the scope of our manufacturing 
facilities, and the wide extent of our serv- 
ices. Your inquiry will receive prompt 
attention. 


‘ ENGINEERING “KNOW-HOW” 


Offices in principal cities 






American Relay & Controls, Inc. 


DIVERSEY AVE. » CHICAGO 4 
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BLUE DEVIL 


RL 





Address 
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Socket Screw Products 


“Blue Devil” 
are known throughout industry as the 
BEST be- 


finest quality obtainable. 
cause of their outstanding performance — 
records and their 6 POINTS OF SUPERI- 
ORITY—the reasons why they are the | 
| 


favorite of modern industry: 


1. PRECISION MADE—threads are an accurate 


class 3 fit. 

2. ‘SPECIAL ALLOY STEEL for toughness, dura- 
bility. 

3, MADE BY SPECIALISTS in socket screw 
manufacture. 


A. SCIENTIFICALLY HEAT TREATED to insure a 
clean, uniform structure. 


5, QUALITY AT ITS BEST—high manufacturing 
standards. 


6, WIDE SELECTION of stock sizes and styles: 


Socket Screws—Dardelet 


Socket Set Screws 
Thread 


Socket Head Cap Screws 
Socket Head Stripper Bolts 


Socket Screw Keys 
Socket Pipe Plugs 








SAFETY SOCKET SCREW CO. 
4456 N. Knox Ave., Chicago, Ill. 


Please send Free Catalog listing 
styles, sizes, prices and specifications 
of “Blue Devil” products. 


Name 
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ELCO Collector Rings are made in all 

sizes to carry currents of 5 to 200 am- 
peres. Two to twelve rings can be furnished 
on one stub complete with brush holders, 
brushes, studs for supporting) the brush holders 
and stud rings. The collector rings can be as- 
sembled as a unit on one hollow tube with 
threads on one end and insulation bushing on 
the opposite end. The brush holders carrying 
the current are made of brass. The collector 
rings are made of hard bronze material. Bake- 


lite insulation is used. 


Welco Collector Rings are custom-built to fit 
the special design and functional requirements 
of your machines or equipment. A limited 
number of standard types are available. Send 
us your blueprints and we will design for you 


the collector rings that are functionally correct. 


THE B. A. WESCHE ELECTRIC CO. 
1622-16 VINE ST. CINCINNATI 10, OHIO 
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PORTRAIT OF A 


RE Ron tr RT goo SORE eM, 
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UCTION 





who reports a 
decided increase 
in total output 
because he uses 

SCREW 
MACHINE 
PRODUCTS 
made 
FASTER 
and 
BETTER 
for 
LESS 


by 
UeSeAUTOMATIC 


CORPORATION 


Screw Machine Products 


AMHERST@OOHIO 


NEW YORK 
PITTSBURGH 
PHILADELPHIA 


CHICAGO 
DETROIT 
INDIANAPOLIS 
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On Springs, you can always find a lower 
price, but the few extra pennies you pay 
now, for better springs, will come back /ater 
in dollars, in the plus service which your 
product delivers to your customers. We 
never dive overboard for the bottom price—we want the 
kind of customers who are willing to pay us the extra pen- 
nies for the extra dollars in value received. Our prices 
may never be the lowest, but they will be in line, because 
medern shop practices, up-to-date equipment, and skilled 
workers enable us to be highly competitive. 


At Reliable, quality is actually a working motto, not just 
a catch-phrase. On all types of springs, wire forms and 
light stampings, Reliable serves a discriminating trade, con- 
stantly increasing, which has the right idea of economy on 
these products. 


Bulletin on request. 
THE RELIABLE SPRING & WIRE FORMS CO. 
3167 Fulton Rd. Cleveland 9, Ohio 


Representatives in Principal Cities 


YOU CAN RELY ON WNMHUA 


Keliable Springs 


277 


























“‘LO-SPEED, 


HI-TORQUE” 
wre PRONY BRAKE 


@ High-torque testing at speeds right down 
to zero R.P.M.! That is what you can do 
with the combination of hydraulic dynamome- 
ter and Prony brake—an exclusive HI-EFF 
feature. In addition to the standard hydraulic 
rotors for high-and medium-speedtesting, low- 
ae brake drums are an integral part of the 
ynamometer . . . both cooled by the same cir- 
culating water. This unique arrangement re- 
sults in an exceptionally wide range of speed 
and B.H.P. capacity in one machine—greatly 
broadens the possible testing range. The hy- 
draulic rotors may be operated alone, t 
Prony brake operated alone, or both rotors 
and beaks operated in combination. 

If you are faced with a fable) high- 
torque testing problem, or if you are in need 
of a dynamometer with the widest range of test- 
ing capacities, let us give you details of HI-EFF 

applications. Taylor Manufacturing Co., 3090 

W. Meinecke Ave., Milwaukee 10, Wisconsin. 


TAYLOR“ MILWAUKEE 


maANuFActurers OF “HI-EFF” Hydraulic Dynamometers 
Static Balancing Machines—Sensitive Drilling Machines 





|| DYNAMOMETER 





‘GENERATED RACEWAYS 
for 


: RUE RACE CURVATURE. 


_ MAXIMUM BEARING CAPACITY, — 
: MAXIMUM LIFE 
e 
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"ae Ball Bearing 
r) Raceways 
‘ are 
' “generated” 
' 
P to true 
' geometric 
| curvature. 
| 3 H 








Revolving bearing ring oscil- 
lates across the face of a high 
speed grinding wheel, result- 
ing in a “generated” raceway 
—a perfect seat for the balls. 


* Highlights on 
' Ahlberg Ball Bearings: 


e Accurate fit for balls 
to raceways—for 
greater capacity. 





@ Raceways lapped and polished to mirror smooth 
surfaces—for quiet performance . 


@ Races and balls of chrome alloy electric furnace 
steel—hardened throughout—for strength and dura- 


bility . .. 
| VISIT US AT 
@ Deep groove bearings have heavy 
race section—for minimum distortion 
and higher thrust capacity ... 

‘emncace. 
| 7°26 
*...add up to quiet operation— Sig 

| ample capacity—long life. 





OOoL 
Ahlberg Bearing Company, 3017 W. a 
47th Street, Chicago 32, Illinois. 


BOOTH No’s 673-74 


Ahi bers?“ 


BALL BEARINGS * ROLLER BEARINGS - PILLOW BLOCKS 
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MECHANICS 
Roller Bearing 





UNIVERSAL JOINTS 


Are Made in 
A Size and Type For 
Every Use 





The MECHANICS complete line of -Universal 
Joints ranges from one with 154 inches swing di- 
ameter, weighing less than 14 pound and capable 
of transmitting 200 foot pounds torque... 


+e 


. . . to one with 12 inches swing diameter, weigh- 
ing over 100 pounds and capable of transmitting 
50,000 foot pounds torque. 





Our over a quarter century of universal joint making 


experience is available to manufacturers who are 


planning new or improved products. 


Don’t worry over power transmission problems. Let 


our engineers show you how MECHANICS Roller 
Bearing UNIVERSAL JOINT advantages will help 


you give your products competitive superiority. 








MECHANIC 


Borg 








S UNIVERSAL JOINT DIVISION 


-Worner 
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“porn 


TERMINAL WIRING 


Connections made . 

through Fanning ~S- p 
Strip on bench or 
anywhere apart 
from barrier strip, 
and quickly slipped 
into assembly. 









FANNING 
STRIP 
PAT. APP. 
FOR 


9-141 BARRIER STRIP 


JONES 


FANNING STRIP 


Designed for use with JONES BARRIER 
TERMINAL STRIPS No. 141 and No. 142, 


for one to twenty terminals. 


@ Simplifies and facilitates soldering. No 


complications. 


@ insures correct, positive, and firm connec- 
tions. The right wire to the right terminal 


everytime. 


@ Time Saving—Speeds up assembly. 


Ideal for harness or cable assembly. 


@ Strong construction. Brass terminals cad- 
mium plated. Heavy bakelite mounting. 


Send for complete data on this new basic improvement 


Mfd. by HOWARD B. JONES DIVISION 


Cinch Manufacturing Corp. 


2460 West George Street Chicago 18, Illinois 


, 
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HILLIARD CLUTCHES AND COUPLINGS 
ARE EXCELLENT FOR ALL CLASSES OF MACHINERY, 


. 


For the new series of 6 illustrated Bul- 
letins furnished FREE upon request. 
Featuring our complete’ line of Indus- 
trial Clutches and Couplings — Over- 
Running -— Single Revolution —Friction 
—Centrifugal—Overload Release---Slip. 


THE HILLIARD (Osporchion 


103 W. Fourth St 





vPps* trouble? 
For a POSITIVE Cure Use--- 
aAYIHEON Voltage Stabilizers 


*Varying Power Supply need not prevent efficient, 
reliable and accurate performance of electrically 
operated equipment. A Raytheon Voltage Stabilizer 
of correct characteristics and capacity built into new 
equipment, or installed on old, provides constant out- 
put from varying input. Assure reliable and accurate 
performance of your equipment through positive 
control of power supply. Ask about Raytheon 
Voltage Stabilizers to meet your requirements. 


Write for illustrated Bulletin DL-47-537 



























































@ OUTPUT VOLTAGE CONTROLLED to within 
+ ’%. 

@ STABILIZATION AT ANY LOAD within rated 
capacities. 

@ QUICK RESPONSE...varying input voltage 
stabilized within 1/20 second. 

@ ENTIRELY AUTOMATIC...no adjustments, no 
moving parts, no maintenance. 









Avcetterce vx Chacbsoveecs 
RAYTHEON MANUFACTURING COMPANY 
COMMERCIAL PRODUCTS DIVISION 
WALTHAM 54, MASSACHUSETTS 
Industrial and Commercial Electronic Equipment, 
Broadcast Equipment, Tubes and Accessories 

Sales Offices: Atlanta, Boston, Chicago, 
Cleveland, Lovisville, New York 
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PORTRAIT OF A P. A. 


It is obvious that the P.A. we are 
talking about is not worrying about 
his gear problems... he has turned 
them over to IGW. We recommend 
that you investigate the specialized 
services of the Indiana Gear Works. 


Left: An internal gear tooth grind- 
ing operation . . . one of many 
interesting and unusual operations 
performed by Indiana Gear Works 
to obtain character and precision 
in their products, 








GEARS > CAMS + INTRICATE AND 
PRECISE MACHINE PARTS 






INDIANA INDIANA 


GEAR WO ° 
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of making wire corinections 


Ideal “Wire-Nuts” are rapidly replacing old- 
fashioned methods wherever wire connec- 
tions are made. Millions are being used in 
new construction, remodeling and re-wiring 
. in repair work . , . in the manufacture of 
electrical goods... and in the installation 
and maintenance of electrical equipment. 
Effect real savings. ‘“‘Wire-Nuts” are made 
in sizes for all usual wire combinations. Fac- 
tory tested and inspected. Reduced prices 
now in effect. Order from your Electrical 
Wholesaler today! 
*Trade Mark Reg. U.S. Pat. Off. 


PATENTED 


“Wire-Nuts” are covered by U.S. Patent No. 
1,933,555, a division of U.S. Patent No. 
1,700,985. The only Connectors authorized to 
be sold under the current Patent are marketed 


by the following manufacturers. [RADE NAME : 
Ideal Industries, Inc. . . ‘“Wire-Nuts’’ 

Bryant Electric Co.. . . “Bryant’’ 

Solar Electric Corp. . . “Seru-its’’ 

Weis & Biheller, Inc. . . “Simplex” 


and “Conex”’ 








IDEAL INDUSTRIES, Inc. 
SUCCESSOR TO IDEAL COMMUTATOR DRESSER CO. 
1059 PARK AVENUE SYCAMORE, ILLINOIS 


Distributed “hrough 


AMERICA’S LEADING 
WHOLESALERS 
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Here is a “super” bearing designed especially 


for super heavy-duty service. Its simple con- 
struction, absolute precision and tremendous 
strength assure smooth, dependable perform- 
ance in the heaviest machinery under the most 
difficult operating conditions. Complete tech- 


nical data furnished without obligation. Write. 


\ AMERICAN / 


\ ROLLER BEARINGS | 


AMERICAN 


Yo) aa 4:a:14-V:41, (Cmerey 


420 Melwood Street Pitt 





Pacific Coast Office: 1718 $. Flower St. Los Angeles, Calif. 
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ROCKFORD 
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PULLMORE _MULTIPLE-DISC 


CLUT 


COMPACT DESIGN mt One-point adjustment, by hand, of ROCKFORD 
Multiple-Dise CLUTCHES is simple, easy and 
ample to maintain uniform operating conditions 
under long, hard usage. Unaffected by centrifugal 
force, PULLMORE clutches are convenient to 
THiiaiiie operate and are positive in driving, braking and 


HIGH TORQUE 


HIGH-RATIO LEVERS 


neutral action. 
SEND FOR THIS HANDY BULLETIN 


Shows typical installations of ROCKFORD CLUTCHES 
and POWER TAKE-OFFS. Contains diagrams of unique 
tions. Furnishes 


applica capacity tables, dimensions and 
asy soustarwr aaa Sts 


ROCKFORD CLUTCH DIVISION wWeenes 


PRECISION BUILT 


LONG WEAR LIFE 








311 Catherine Street, Rockford, Illinois, U.S. A. 





Before you specify 





ANY MOTOR, check 


ceee WALLEY 
ADVANTAGES 


~ Wide Adaptability—sizes 12 to 75 h. p. 





~ More Flexibility in power planning. 


“ Takes Unusual Power 
Loads 


Drip-Proof .. . 
Splash-Proof 


Economical 
Operation 


~ Cool 


V BALL BEARING 











VALLEY 


ELECTRIC CORPORATION 


4221 Forest Park Blvd. » St. Louis 8, Mo. 
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imternal wrenching 





self-locking nut by 


ALLEN 
ig 


Comparison of 
ALLENUT, used 
with Allen Sock- 
et Head Cap 
Screw, and con- 
ventional bolt 
and nut. Note 
how internal 
wrenching prin- 
ciple contributes 
to designing that 
saves space and 
material. Clear- 
ance for open 
end or box type 
wrenches not 
required. 






























cramped quarters. 


Class 3 fit. 


authorized ALLEN Distributors. 














NEW Automatic Valve 


Brings new advances — Serves new uses 
















Now you can get a dependable, instant-opening 
automatic valve for practically all liquid level or flow 
control needs. This new Johnson Valve combines all 
the basic advantages of a direct-acting solenoid valve 
with the ability to operate under high differential 
pressures—up to 150 Ibs. in some sizes. Its immediate 
response eliminates any time lag, or wiredrawing of 
valve or seat. The single seat construction dispenses 
with auxiliary pilot valves, minimizes danger of clog- 
ging. Can be used with hot and cold water, steam, oil, 
and other process liquids. 


New bulletin shows wide scope of the 
le 


Johnson Solenoid Valve; ask for copy 
811 WOOD ST., THREE RIVERS, MICHIGAN 





The Johnson Corporation 
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CUSTOM MOLDED / 
PLASTICS | 


INJECTION + EXTRUSION 
edesigning » engineering 
emold-making « all finishing 
and assembly operations 


SEND US YOUR PRINTS 


or 


Call MElrose 6500 


PLASTIC ENGINEERING, INC. 


8506 LAKE AVEN UG 
CLEVELAND:?2*e*QHIO 








This new internal-wrenching nut holds 
with a weld-like grip,— self-locking in non- 
hardened metals. Knurled flutes are drawn 
down into counterbored hole as screw is 
tightened in nut. Yet easily removed without 
damage to nut or containing parts by back- 
ing off on screw and tapping screw'on head. 


Using ALLENUTS with Allen Socket Head 
Cap Screws, the positive internal wrenching 
action of Allen Hex Keys drives fast, firm 
set-ups in the harder metals. 12-point 
(double-hex) Allenut socket gives 30° of 
wrenching swing — as compared with a 
normal 60°— to speed up assembly in 


The ALLENUT sets up flush to achieve 
streamlined surfaces. It facilitates more 
compact designs with resulting economies 
in space, weight and material. Adds im- 
mensely to the finished appearance of any 
job... Precision-made of special-alloy steel 
to Allen standards; threads tapped to a 


Ask your local Industrial Distributor for samples 
for test applications. Available only through. 
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TRU-LAY PUSH-PULL SOLVES MANY 
TOUGH REMOTE CONTROL PROBLEMS 


TRU-LAY PUSH-PULL, by allowing more free- 
dom in the placement of units or acces- 
sories, is a real aid in machine design. 
Precision-made, this device transmits re- 
ciprocal action through a flexible metal 
conduit with practically no backlash. In- 
put may be either manual or mechanical. 


DETROIT, MICH. — New applications for 
Tru-Lay PusH-PULL are constantly being 
found. Originally designed for aircraft 
manufacturers, its applications have ex- 
tended into the manufacture of many types 
of moving and stationary machines. 

Tru-Lay PusH-PULL is made in five 
sizes. Rated input capacities range from 
30 to 1000 pounds. In most cases, ter- 
minals and fittings are designed for the in- 
dividual application. 

For specific information, write our De- 
troit office. Our engineers will be glad to 
work with yours. 


6-235 General Motors Bidg., Detroit 2 
695 Bryant Street, San Francisco 7 + Bridgeport, Conn. 





AUTOMOTIVE AND AIRCRAFT DIVISION 


AMERICAN CHAIN & CABLE 
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USE ‘‘O”’ RING 
PACKINGS FOR 


® sis: jag tant 

® _ rhe 

* we | anaes sed 
@ SPACE es 
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The Modern Racking Vath 
140 Standard Size}: Ye” iP ID 


oes 


For complete \engineering data 
write for our “OX Ring/Handbook 


PLASTIC ... RUBBER 


memes Products, Inc. =—_ 
BOX 431, DAYTON 1, OHIO 
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Priced at a NEW LOW! Solve price and 
assembly problems with the 292 Pointer Knob, 
available now in several variations . . . in large 
quantities . . . priced right. It's the leader in a 
full line of standard plastic knobs and control 
balls for electrical, electronic and industrial use. 

Put your plastic knob and control problems up 
to the largest producer in the industry—Kurz- 
Kasch. Write for illustrated Catalog 103-A which 
lists specifications and descriptions of the whole 
Kurz-Kasch standard line. 


Kurz-Kasch, Inc., 1444 S. Broadway, Dayton 1, Ohio 
Ud 


Kurz-Kaseh_ 


FOR OVEX 31 YEARS PLANNERS AND MOULDERS IN PLAST 
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Capacity per 100 r.p.m., en- 
closed Model 1 to 10 H.P.; 
open construction 6 to 30 H.P. 







© POINTS OF SUPERIORITY: 


1. Special Velvetouch friction sur- 
: faces of sintered bronze running | 
This new enclosed type clutch... the last word in against steel discs. | 
power transmission . . .was developed by Kinney for 2. Counterbalanced thrust fingers | 
driving military equipment under the most difficult for positive disengagement at high | 
combat conditions. Practically indestructible and easily speed. i. 
adjusted without special tools, this Kinney clutch is effi- 
cient over an unusually wide range of operating speeds. 


Exploded view. 


3. Single point adjustment at 
threaded case front. 








Write for Bulletin. ‘3 4. Ball bearing driving element. - 
KINNEY MANUFACTURING CO. 5+ Balanced design and accurate ff 
3569 WASHINGTON STREET, BOSTON 30, MASSACHUSETTS machining for smooth operation, || 
* New York @ Chicago © Philadelphia © Los Angeles © San Francisco tested at speeds up to 4,000 r.p.m. 
We also manufacture Vacuum Pumps, Liquid Pumps and 


Bituminous Distributors. 








WITTEK 


Hose Clamps < 













High Pressure Needs 


° A Compact Answer 
: to Your 
HP Clamp Clamp on Hose : 


For Quick-Tightening 
Leakproof Hose Connections 





FBSS Clamp 





Compact is the word for this 


Product and design engineers can look to 
internal-gear rotary pump by Tuthill. 


WITTEK to help solve their hose connection 





problems. Wittek Hose Clamps, for over a 





quarter century known as standard equipment 
in the automotive and aviation industries, are 
a ante med today widely used on machines, engines and 
equipment requiring leakproof hose connec- 
tions for air, oil, gas and water lines. Consult 
us on your hose clamping problems. Write for 


Literature. 


WITTEK 


Hose Clamps for Every 





rVeleliidelileyi) 


A Clamp 
eeeeeeceeeen' 
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Model CK is designed to save space, 
materials and money in high pressure 
service on machine tools, engines and 
hydraulic mechanisms. Capacities up to 50 
g-p-m. and pressures up to 400 p.s.i. 

Direct motor drive, V-belt units and integral 
drives. Write for Model CK bulletin. 


TUTHILL PUMP COMPANY 


Chicago 19, Illinois 


939 East 95th Street 
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HOW RIVNUTS SOLVED A 
FASTENING PROBLEM 





























G agssng manufacturer was having trouble with a 
new design. He wanted to make a motor that 
would give good service. But at the same time, he 
wanted to produce it at minimum cost. B. F. Goodrich 
Rivnuts helped him find the answer to both problems. 

Rivnuts “A” provided deep nut plates for attachment 
screws. And their countersunk heads permitted the use 
of thinner sheet steel for the case. 

Rivnuts “B’’, with threads drilled out, served as 
inexpensive bearings for the armature shaft. The end 
of the Rivnuts provided thrust plates for centering 
the armature shaft. 

In both cases, Rivnuts were installed from one side 
of the work with a simple heading tool—which forms 
a firm, tight-gripping bulge in the Rivnut shank. Many 
man-hours were saved. Rivnuts thus cut costs of the 
motor two ways: 1) lower material costs, and 2) re- 
duced production time. 

If you have a fastening problem, why not put it up to 
Rivnut engineers? Write The B. F. Goodrich Company, 
Dept.MD-97, Akron, Ohio. 


NEW RIVNUT DATA BOOK GIVES FASTENING FACTS 


New 40-page edition. Fully illustrated. 
Describes installation step-by-step. 
Gives types, sizes, load capacities. Tells 
where and how to use Rivnuts. For your 
free copy, write to The B. F. Goodrich 
Co., Dept.MD-97, Akron, Ohio. 


RIVNUTS 


It’s a rivet—It’s a nutplate 
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It isn’t the original H.P. rating of an engine that 
counts but rather, the number of H.P. Hours of 
power service it will deliver during iis lifetime. 
This is the real measure of engine value. 
Wisconsin Air-Cooled Engines deliver the most 
H.P. Hours because they are designed and built 
for rugged, heavy-duty service. For example: 
every Wisconsin Engine, from the smallest to the 
largest, runs on Timken tapered roller bearings 
at both ends of the crankshaft to take up end- 
thrust and provide the best protection against 
bearing failure . . . at the same time assuring 
a@ smooth-running engine. This is just one typical 
detail that stands back of ‘Most H.P. Hours’’ of 
on-the-job power service. 

You can’t go wrong if you specify “Wisconsin types and sizes (all 
Air-Cooled Engines” to meet your power require- oy ena ~s 
ments, within a 2 to 30 hp. power range. / 





Wisconsif Engines 
ore available in a 
complete range of 


WISCONSIN MOTOR Corporation 
MILWAUKEE 14, WISCONSIN 
WORLD'S LARGEST BUILDERS OF HEAVY-DUTY AIR-COOLED ENGINES 

















Light weight Magnesium Castings are opening a wide 
new field in product design—and our engineering staff 
is at your service without obligation, to show you the 
possibilities of this stronger, easier-to-fabricate metal! 


Facts you'll want to know 
about Magnesium Castings 


Our new folder gives you the facts you'll 
want to know about Magnesium ... and 
the story of our production facilities. 
You'll want this information at your 
fingertips! 








Write for your copy today! 
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The IMO PUMP requires no gears, because the fluid pumped 
is propelled from suction to discharge by the action of three 
intermeshing rotors. That's all there is to it—no gears, valves, 
vanes or pistons! 


For simplicity, reliability and compactness select the IMO 
—for use in hydraulic service. governor service, lubrication 
service and other fluid handling services. 


For further information send for catalog 1-132 =D 


PUMP DIVISION of the 


DE LAVAL STEAM TURBINE CO. 


TRENTON 2, NEW JERSEY 














MIerited Leadership 


Design, Maintenance Engineers and Purchasing Agents 
have specified Sandusky Centrifugally Cast bronze, brass 
and Monel sleeves, liners, bushings, tubes, bearings, rol} 
covers and rings on all equipment for over 30 years. 
Sandusky is the pioneer in this specialized field and these 
years of experience are as much a part of every casting 
as the quality material and superior workmanship. 

For size ranges see “Sandusky” in directory section 
“Tron, Steel and Nonferrous Metals listed by Tradenames’’. 

Specify SANDUSKY on your next application. 


Write for Bulletin 540. 


SANDUSKY FOUNDRY siniusi 





AND MACHINE CO. DiilUsA 
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THe AMERICAN spring industry was 
among the first to make practical use 
of shotpeening. And ihe Lee Spring 


Company in 1942 sent out some of the 
first production springs in this country, 
shot-blasted to increase fatigue 
strength. 


Lee Springs not only last longer and 
cost less, but they can also be made 
lighter and more resilient for improved 
performance, with no sacrifice in 


~ quality. 


Leading machine tool makers were 
quick to take advantage of Lee’s 31 
years’ experience, and all our accu- 
mulated knowledge is at your service. 


Bulletin on request 
















Solves Aucther Problem 


To join the plastic back plate to 
the plastic body of the Commando 
Aerosol Gun in order to hold highly 





PROGLEM penetrating Aerosol Insecticide and 
to withstand several pounds air — 
pressure. Bonded Synthetic 
ae 2-piece Cast 
Back plate was joined to body of Alumiaom Ges 
SOLUTION gun by Reliable bonding using a Tank 
proper synthetic material as a 


bonding element. Saenz 


Bonded Synthetic 
Friction Drive 


Reliable makes a specialty of solving 
just such problems with a bonding 
technique that permits new freedom 
of design and fabrication. Synthetic ; 
bonding of metal to metal, metal to ices bonged 
another material, or one material to 
another, is often the answer to im- ) 
proved quality and lower costs. 
Bonded Synthetic 
How could bonding with synthetic  CompressionSpring 


materials help you? A Reliable en- 
gineer will be glad to discuss details rs 
with you. 





Bonded Synthetic 
Flexible Coupling 


'TTUVV LE Tints eis) 
2815-21 IRVING PARK ROAD CHICAGO 18, ILLINOIS 











CONSTANT *% 
FLOW 
REGULATOR, 


/ any fluid 


lll TT tt 10 








For maintaining an accurate, uni- 
form rate of flow regardless of varia- 
tions in pressure of hydraulic fluid 
or water, gasoline and other pe- 
troleum products, coolants. 

To control speed of lift trucks, 
hydraulic motors, actuating 
cylinders. 






Manufactured in a 
practical range of 
sizes and reductions. 
We also build reduc- 
ers to meet special 
needs. 








bg To maintain flow rate for propor- 
lustrated ~— tioning of different fluids. 


{—) Booklet 


WATERMAN ENGINEERING 





CALL US 
LONG DISTANCE 


{GEberhardtDenver Co. 


GEARS AND SPEED REDUCERS 
1416 West Colfax Ave. Denver 4, Colorado Phone TAbor 7134 
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“Wore 


Droduction 


< COLLETS 


DO -MORE 
FASTER 
BETTER 
AT LESS 
COST 


| 2b it 


COLLET FIXTURES = 






INCREASE YOUR PROFITS by producing better 
work . faster with Zagar ‘More Produc- 
tion’’ Collet Fixtures and Collets! Whatever the 
job, milling, drilling, tapping, slotting, grinding 
or turning . Zagars do it easier — faster — 
better — without costly special fixtures and 
tooling. Use Zagars for holding or indexing in 
horizontal or vertical positions. Load and unload 
while running; air-operated . manual . or 
fully automatic control. 


ZAGAR TOOL, INC. 


23880 Lakeland Bivd., Cleveland 17, Ohio 


Write Today 
for Cataicg No. 12-9 


Load and unloed while milling —two 
Zagar air-operated fixtures utilize the 
full capacity of an automatic miller 


PRODUCTION TOOLING FOR INDUSTRY 








HOUSING PROBLEMS 
Solved by Littleford 


Instead of expensive castings, choose Littleford’s mod- 
ern formed, sheared and welded fabrications of plate 
or sheet steel. Skillful workmen make it look easy— 
whatever the size or type of housing. Can be made in 
sections for servicing unit enclosed. Send blue-prints 
for estimate. 


LITTLEFORD BROS., 
424 E. Pearl Si. 


INC. 
Cincinnati 2, Ohio 











sd 
FOR YOU THE BEST 


ONLY KNOWN FOR THE BEST 


HYDRAULIC CYLINDERS 


Perfectly Designed 





In Two Pressure Series 


0—1500 psi C—3000 psi 

















In 
Y YY 





aastttstts _ 














Double-Acting — Non-Rotating 
— Standard _ Differential — 
or Cushioned — 


Six Standard Mountings — base trunnion 
— center-line — front flange — rear flange 
and pivot. 


POWER PLUS PRODUCTS CO. 


2228 Bellevue 
Detroit 7, Michigan 
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LINEAR 


PACKINGS 





“DAR” 


"Photo & sketch courtesy Birdsboro Steel Foundry & Machine Company, Birdaboro, Pa. 





liza LINEAR 


Linear ‘Par’ Packings were specified on this hydraulic press 
to seal in the 3,000 Ibs. pressure that actuates the ram and 
provides peak performance because they: (1) maintain a 
fluid-tight seal from peak to zero pressure; (2) effectively 
seal-in the hydraulic fluid from source to point of application; 
(3) are correctly designed for maximum efficiency; (4) care- 
fully compounded to resist the fluids and pressures en- 
countered; (5) precision-formed for trouble-free operation 
and ease of installation. 

Consult us about your individual packing problems ... 
samples are available on request. 


OVER FORTY YEARS 
PACKING EXPERIENCE 


INCORPORATED 





Executive Offices and Factory 


STATE ROAD and LEVICK STREET—PHILADELPHIA 35, PENNA. 
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Built to TAKE If 













Reduce pressure as high 
as 2,500 pounds down to 
working pressures with an 
ALL BRONZE CASH 
ACME Type LS Pressure 
Reducing Valve. Nitralloy 
trim for longer service is 
standard. 

Pipe size #", 4", 3". 















Sasi oage 


STOCK--CATALOGUE--SELL cASH-ACME Products, 


\) \ Complete data on this and sie he 

am ; CASH-ACME products is available 

| [\ > 4 facturing in our NEW catalog No. D12. 
ee cioe 


| 









s 6614 EAST WABASH AVE 


. ' “ 
tomatic PRESSURE CONTROL VALVE DECATUR ILLINOIS 
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_VIKING Mi 4 
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Wiese "~~ ARE BUILT TO 
: FIT Your JOBS! 





The reason why Viking Pumps so success- 
fully handle all types of clean liquids, re- 
gardless of viscosity, is that they are built 
from start to finish for your job in the size 
and style YOU need. 


Ruggedly built with no small intricate 
parts. They are self-priming with low 
speed, even and steady discharge which 

assures good, dependable 








service. Write today for 
free bulletin 47SH. 


COMPANY 


CEDAR FALLS IOWA 
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For smoother, 
quieter operation 


wherever 


bevel g 


conventionally used 






DETROIT BEVEL GEAR CO. 


8130 J 


straight 





ears are 





OS. CAMPAU e 


. To Your Exact 
» Specifications 


Write for Bulletin on Gear Jobbing Service 
—Our Specialty for More Than 30 Years 


DETROIT 11, MICH. 














RELIABLE RUNNING-POWER 


—for YOUR industrial machine 


WITT 


Are you manufacturing such machines as patch 
rollers, small pumping, welding or air compres- 
sor units? You will find the ideal power unit for 
your product in the complete WITTE Diesel line. 









3 KVA 
WITTE DIESELE 
PLANT 


require little care. 
confined places; 
haust gases. 


CTRIC 


WITTE Full-Diesel 


DIESEL ENGINES and 


DIESELECTRIC PLANTS 


Simple, compact, they occupy little space, 
Safe for operation in 
produce no poisonous ex- 


Powering 


Simplifies Selling, Too! 


Being full Diesels, WITTE Diesel units start and operate on low-cost 


Diesel fuel. Export markets insist upon Diesel power 
There's a Vertical or Horizontal 
Size and Type, Full-Diesel 





4 H.P. WITTE 
DIESEL ENGINE 


0 


L SUPPLY 
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Auxiliary Power Needs 


In continuous mass pro- 
duction: WITTE Diesel En- 
gines from 4 to 12 H.P.— 
WITTE Dieselectric Plants 
from 3 to 10 KVA-AC; 
2.5 to 8 KW-DC. 

Write for recommendations 
and literature. 


VISION OF UNITEC 


COMPANY 
‘ ‘ 


CORPORAT 


TAY 


WITTE to Meet Your Main or 






7.5 KVA WITTE 
DIESELECTRIC PLANT 


WITTE ENGINE WORKS 


ts 


on Ss 


STEE 


asic 





Capacity; 


Pressure: 


Weight: 


DUPLEX 
2e6GEM 
Up to 320 P.S.1. Constont Duty 


and modern designing. Over 
“ence in pump manufacturing, improved pro- 
cessing techniques, constant field testing — 
all are combined to make pumps that “fit” 
the job . . . pumps that are easier to service 
and require less maintenance. Three models, 
each in several sizes, furnish a wide range of 
pressures and capacities. Write for further 
information — John Bean Engineering Stoff 
will be glad to assist you without obligation. 


JOHN BEAN MFG. CO. 


Division of Food Machinery Corp. 
LANSING 4, MICHIGAN 


ROYAL 


10 to 80 G.P.M. 
Up to 500 P.S.1. Constont Duty 
Up to 800 P.S.1. Intermittent 


Service 
210 pounds to 1700 pounds 


ROYAL OP 


Capacity: 1 to 11 GPM 


Pressure 


Weight 







Up to 5000 P.S.1. Constant Duty 
Up to 8000 P.S.1. Intermittent 


Service 
525 pounds to 550 pounds 





































gineering skill 
60 years experi- 

















Routing 
Slips 





MAKE MACHINE DESIGN AVAILABLE Size No. A180 for A Belts 
Size No. B214 for B Belts 
TO ADDITIONAL DESIGN ENGINEERS Nain <ruetee ieeneed caeeoaeieae habeke comavendion 


and on drives rated as light duty with a belt speed of not 
over 3000 feet per minute. The fasteners must not be used 
on heavy duty or high speed drives or for joining or repair- 
ing V-belts that were originally endless. 


Flex V fasteners are easy to apply with the special appli- 
cator tool. The separable hinge joint makes for quick re- 
placement of V-belts without dismantling shafting or machin- 
ery. Flex V fastened V-belts can also be run on V Flat Drives 
for there is no metal on the under side of the belt to contact 
the flat faced pulley. 


Folder No. V-12 gives complete details on this Flex V 
fastener with list prices, special tools and application infor- 
mation, Your request will bring a copy. 


Order from your supply house 


FLEXIBLE STEEL LACING CO. 


4686 LEXINGTON ST., CHICAGO 44, ILLINOIS 








@ Hundreds of engineering departments are 
using routing slips to make MACHINE DESIGN 
systematically available to their design engi- 
neers. 


If you would like a year’s supply send us the 
names and titles of readers in order of routing 
and we will prepare them and send them to 
you with our compliments, 





These convenient slips are gummed on the 
back so that they can readily be affixed to 
the front cover of MACHINE DESIGN when it 


arrives each month. 


For Your FREE Supply, Write: 


MACHINE DESICH 


Reader's Service Department 
PENTON BUILDING CLEVELAND 13, OHIO 





THE COMMERCIAL SHEARING & STAMPING CO. 


P.O. BOX 719 YOUNGSTOWN 1, OHIO 
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TRACING CLOTH 
FOR HARD PENCILS 


~ TROUBLE-FREE 





TIMING 
select HAYDON motors 






@ Imperial Pencil Tracing Cloth has the 
same superbly uniform cloth foundation 
and transparency as the world famous 
Imperial Tracing Cloth. But itis distinguished 
by its special dull drawing surface, on 
which hard pencils can be used, giving 
clean, sharp, opaque, non-smudging lines. 

Erasvres are made easily, without 
damage. It gives sharp, contrasting prints 
ef the finest lines. It resists the effects 


of time and wear, and does not become IMPERIAL PENCIL 


brittle or opaque. : 
fon eae aa ancl Trociee Cloth is rich! TRACING CLOTH 


SOLD BY LEADING STATIONERY AND DRAWING MATERIAL DEALERS EVERYWHERE 





DRILL JIG BUSHINGS 








The “quick charge” battery charger is but one of the 
many practical and successful applications for Haydon 
timing motors . . . providing trouble-free performance, 
greater operating efficiency and accuracy. The pointer 
knob is manually set to the starting point — motor 
and charging unit are energized. When pointer 
reaches zero on the dial the motor is deenergized 
and the battery charging unit circuit is closed. 
Write for details on this and other industrial applica- 
| tions for Haydon timing motors. Free catalog and name 


sese 
USS esas 
RY) 


of nearest representative on request. 


Write HAYDON, 2700 Forest St., Forestville, Conn. 


MANUFACTURING COMPANY, INC 


FORESTVILLE Lk ote), i. itensiostas 


RNESS TIME TC 








WRITE FOR FREE CATALOG! 


SUBSIDIARY OF GENERAL TIME INSTRUMENTS CORPORATION 
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‘ON YOUR MOST TROUBLESOME BEARING 
and. be convinced 




































The success of Moccasin Bushings’ efficiency lies in 
their unique lubrication principle. Oil is drawn from 
a reservoir in the bearing housing and is distributed 
by capillary action in a continuous, unbroken film 
over the entire bearing surface. Drippage and seep- 
age of oil is entirely eliminated, and under ordinary 
circumstances they require attention only two to four 
times a year—just try one on your most troublesome 
bearing. Guaranteed for satisfactory service. Write for 
folder No. 428 showing nine other styles of bushings. 







PHOTO COURTESY THE GLENN L. MARTIN COMPANY 
Silastic 121 is used to seal hot airducts in thermal anti-icing 
system designed for the Martin 2-0-2. 

Not content with the more conventional de-icing 
systems designed to remove ice after it has 
formed, engineers of the Glenn L. Martin 
Company developed a thermal anti-icing system 


for the Martin 2-0-2. This system carries hot MOCCASIN BUSHING COMPANY 


air to the leading edges of the wings and tail 
to keep ice from forming even under severe —_ 0 C h a t t anoo g a : 7 ennessee 


icing conditions. 
Preliminary estimates indicated that impossible es = 









amounts of heat would be required. Experimenta- A. 

tion proved, however, that conventional thermal 
calculations do not apply to flight conditions. COMPOUNDS 
Combining research with flight testing, the ee 
Martin engineers perfected a system so far leaition Seoli 
advanced in principle and performance that it 

is setting new anti-icing standards for the Antifoam A 


aviation industry. 


As in any original design, the choice of proper 
materials was of critical importance. A good 


example is the choice of Silastic 121 to seal RESINS 

the joints in the airducts which operate at 

400°F. At such temperatures, other materials Electrical Insulating 

which were tested gave off alarming and 

malodorous volumes of smoke. Lanninntiog : 

Without a heat-stable and resilient calking Protective Coatings ACCURACY—CONTROL—DELIVERY | 





material, the efficiency of the heating system 
would have been severely reduced by leakages. 
Silastic 121 makes an almost perfect seal and 


At “Industrial’—teamwork counts! 
A line-up of skilled craftsmen and 
batteries of modern equipment form 





permits the anti-icing system to operate at SILASTIC* Meee? 
maximum efficiency even after long exposure to ~ a combination hard to beat. Z 
extremely cold, dry atmospheres. Moiding 7 7 


Not used in this application but of related Extrudiag 

interest is the fact that ice does not adhere ‘ vw ee 
to Silastic. The many useful properties of the Coating /} 

twelve Silastic stocks now available in commercial Laminating 


quantities are described in pamphlet No. B 21-2. 


PR geseg STAYS ELASTIC CUT GEARS ¢ SPROCKETS ¢ RACKS 
RADE MARK DOW CORNING CORPORATION “a . pS ‘ 
DOW CORNING CORPORATION “Teele Bork are “big league” calibre. 
MIDLAND, MICHIGAN Wherever outstanding per- 
New York « Chicago * Cleveland « Los Angeles Dow Corning formance is required, look to 


In Canada: Fiberglas Canada, Lid., Toronto Se 
In England: Albright and Wilson, Lid., London . “Industrial.” 









Whatever your needs, it will 
pay you to consult with “Industrial’’ engineers. We'll 
work to your specifications and make “‘on time’”’ delivery. 
Make it a habit to send 

us your gear orders. 


INDUSTRIAL GEAR MFG. CO. 


4529 VAN BUREN STREET CHICAGO 24 ILLINOIS 
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precision valves 


For Controlling Hydraulic Oil Power 
THE RATE OF FLOW — THE PRESSURE — OR DIRECTION OF FLOW 


Proven Designs 
All Sizes-Pressures 


Qualified engineers are available to recommend 
the complement of valves which will be best suited 
to any system. You are invited to avail yourself of 
this service at the Home Office or any of our 


















Representatives: 






Ca 
m Operated Pump Eng. Co., Seattle 


Tec. Eng. Co., Logansport 


G. D. Slaybaugh Co., 
Denver 


Geo. Worthington, St. Louis 
The Battersby Co., Phil. 
Power Hydraulics, Chicago 


Haskel Eng. & Supply Co., 
Glendale 


‘Manual 






Hi-eSPEED COMPANY 


5447 TIREMAN AVENUE 


Flow Control 















Rucker-Vaughn Co., Oakland 


Dwight A. Johnston, 
Youngstown 


Wagner-Green Co., 
Cleveland 


Robert J. Wylie, Minneap. 
Alex. M. Sneddon, Long Is. 
J. B. Coates, Philadelphia 
R. C. Neal Co., Buffalo 





Solenoid Operated 


OL Cntrol Yolees 


Detroit 4, Michigan 





Pi rit “UNE ENGHMES 


oe 





Model BB 
2.5 to 4.3 hp. 









Model AB 
3 to 6 hp. 


ay 


In Volume Production 


Prompt Delivery 


These 4-cycle, air-cooled gasoline engines are 
thoroughly service-proved in many applications. 
Light weight, compact design, and wide power 
range mean ready adaptability to many types of 
equipment and powering problems. Backed | by 28 
years of engine building experience, including 
manufacture of the famous Kinner aircraft engines. 











__ (ATL 


CORP 
635 W. COLORADO BLVD. * GLENDALE 4, CALIFORNIA 
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Illustration of Bearing Actual af 


More than 40 types and sizes of Miniature 
Precision Ball Bearings help the designer of 
small precision mechanisms and instruments to 
properly engineer space, weight and friction. 
RADIAL — PIVOT — THRUST — ANGULAR 
CONTACT 1/8” to 5/16” O. D. 

Bearings designed, within our size range, 
to meet your special requirements. Write for 


complete catalog. 


Going to the Machine Tool Show? Our exhibit will be 
in Chicago at Engis Equipment Co., 431 S$. Dearborn St. 


& 
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REDUCERS 


ONE SOURCE... 


Motorized or Motorless 


‘ All motors, brakes, gears and speed 
16 reducers are built completely by 
#] Janette . . . there is no divided 
| responsibility fortheir design, man 
ufacture or successful operation. 


A right angle countershaft reducer is 
advantageous for most installations, 
because less space is necessary. The 
worm, or combination worm and plan- 
etary gears, used in Janette reducers, 


make one of the most sturdy, compact 
gear drives available, when power transmitted 
and ratic of speed reduction are considered. 
If you want either motorized or: motorless 
speed reducers that are attractive in appear- 

ance, easy to install and maintain, efficient, 
quiet and reliable, you will find these 
features in Janette machines. 








1/30 to 

7 1/2 HP. 
08 to 

\ 447 RPM. 


te 


at su 


Janette Manufacturing C 


556 W Monroe St Chicago 6, Ill 


296 

















ENGINEERS 


AVAILABLE OR WANTED 




















WANTED: Chief tool and die engineer. Manufacturer of 
bus bodies and custom auto bodies, employing approxi- 
mately 1100 people requires the services of a qualified tool 
and die engineer to take complete charge of tool and die 
engineering and construction of same. Must be experienced 
in passenger car or bus body tooling, also experience help- 
ful in tooling for plane manufacture. This is a permanent 
posiiion with a reliable old company. Future for man with 
proper experience and who can accept responsibility, super- 
vise personnel, and carry complete tooling program. State 
past ten years of employment giving names of such em- 
ployers and salary desired. All communications will be 
held confidential. Address Box 562, MACHINE DESIGN. 
Penton Bldg., Cleveland 13, Ohio. 


WANTED: Exceptional opening for sales engineer to cover 
Mid-West metalworking industry. Selling experience desir- 
able but not essential. Nationally known manufacturer of 
production material wants man to advise customers on ap- 
plications—not take orders—working in Michigan and In- 
diana, with headquarters preferably in Detroit area. Sal- 
ary to be commensurate with experience. Requirements: 
Varied knowledge of metalworking production gained by 
plant work or selling: ability to travel extensively away 
from home. Write in detail about background. Interview 
arranged at New York headquarters expenses paid. Ad- 
age Teg 553. MACHINE DESIGN, Penton Bldg., Cleveland 
. io. 


WANTED: Outstanding technical men for new field offering 
unusual opportunities in becoming associated at beginning 
of a project providing unlimited possibilities in nuclear re- 
search and aeronautical engineering. Mechanical or aero- 
nautical engineers experienced in heat transfer, thermody- 
namics, engine design, aerodynamics, stress analysis, math- 
ematical analysis. Metallurgical and ceramic engineers ex- 
perienced in powder metallurgy: ceramic bodies and coat- 
ings. Please furnish complete information, including small 
photograph, to Personnel Department, N.E.P.A. Division, Fair- 
child Engine and Airplane Corporation. P. O. Box 415, Oak 
Ridge, Tennessee. 


WANTED: Machine and electrical designers. Excellent per- 
manent positions open on design staff of large Eastern 
Pennsylvania manufacturer of varied products. Experience 
essential in either layout and design of roll-type mixers and 
other heavy machinery, or in design and layout of complete 
factory electrical equipment system. Write full details. Ad- 
gg 568, MACHINE DESIGN, Penton Bldg., Cleveland 
, Ohio. 


AVAILABLE: Outstanding manufacturing management ex- 
ecutive. Competent seasoned mechanical engineer, seeking 
a permanent connection with a live progressive organization. 
Varied experience includes thorough knowledge and capa- 
city for materials management, maintenance, mass pre- 
cision production and jobbing work, process planning, tool 
design, tool making. plant layout, assembly operations, 
forge shop, stamping and press room, grey iron and malle- 
able foundries. Details and reference furnished on request 
to responsible parties stating their requirements. Address 
oe 561, MACHINE. DESIGN, Penton Bldg., Cleveland 13, 

io. 
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Fw \\ FLODAR 
~<e. }) erip-TUBE 


FITTINGS 


WITHSTAND HIGHER FLUID Paes 


Designed and built for permanency of in- 
stallation for every fluid application, Flodar 
Grip Tube Fittings will withstand pressures 
up to 69,000 Ibs. per sq. inch. Flodar Fittings 
are trouble free—just like part of the tube. 
Their especially heat treated sleeves of tough 
alloy spring steel increase tensile strength, 
resiliency, protect the flare and support the 
tube against vibration. 

Grip Tube Fittings can be reused repeatedly 
as the sleeve will not jamb within the nut.. 
Grip Tube Sleeves are essential for fittings 
of 1” and larger, providing self alignment 
of tubes and reducing installation and main- 
tenance costs. 

Available in Straight, Union, Elbow, Side- 
Tee, Tube-Tee and Cross, both male and 
female. Sizes from Y%" to 12”. 


Specialists in Larger Fittings 


Write for Illustrated Folder and Complete 
Specifications 


FLODAR CORPORATION 


| 
331 Frankfort Ave. Cleveland 11, Ohio | 
| 

















You'll get smoother, 





more efficient operation 





Adams Gears! 


“Tailor-made” gears, designed especially for 
the job, provide the opportunity to improve 
the performance standards of your product- 
Built for the product, they often simplify 
assembly and reduce production costs, too: 
Here at Adams we are specialists in making 
| gears that meet your specifications exactly. 
Care and control exercised at every stage in 
their manufacture assure smooth, efficient 


p 4 - [ | 4 | 0 HW | power transmission. Write for further 


details. 
BALLS 
a 


| : 
al for your product with 






























| THEADAMS COMPANY, 1942 Tower St., 
| Dubuque, Iowa 


CARBON STEEL 









CHROME ALLOY 








STAINLESS STEEL GLASS | Here are just a few of the many products on 

BRONZE PLASTICS | which ADAMS GEARS are being used .. . 
| 

K-MONEL ae” | Machine Tools e Aircraft 

ALUMINUM Motor Trucks © . Diesel Engines 






a Farm Machinery 
Precision balls made | Road Machinery e Tractors 

for your job. In many materi- | Printing Machinery 

als. Send your specifications to Speed Reducers 


our Engineering Department. 

















Their recommendations will be 











forwarded to you promptly. 


TIM TLL LIe Tia aie  Ehe ADAMS Compa 


HARTFORD, CONN. Dubuque, lowa, U.S. A. 


ESTABLISHED 1883 
NEWARK, N. J. OFFICE EXPORT OFFICE: NEW YORK CHICAGO OFFICE 
MARKET 2-7169 PHONE: PENNSYLVANIA 6-2078 FRANKLIN 1977 | 

















FINE GEARS MADE TO 
YOUR SPECIFICATIONS 
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The Marsh Mastergauge, with its rugged 
lathe-turned bourdon tube and sturdy pre- 
cision movement has met the oil man's need 
for a gauge that can take it. 








TL 


Oil men call these tree-like piping assem- 
e blies “Christmas trees."" Marsh “‘Christ- 
Throughout the oil country wee 
: this service—some of them on the high- 
est pressure oil well in the world. 


Wlawsh is the gauge! 


When you run across a particularly tough problem of pressure measure- 
ment in any branch of industry, it’s a pretty safe bet you’ll find a Marsh 
Pressure Gauge in full charge of the situation. And there is no better 
place to see this than in the production phase of the petroleum industry. 

Out in the oil country you find every kind of punishment a pressure 
gauge can be asked to undergo. Sometimes it’s extreme pressure; some- 
times, extreme temperature; sometimes, racking vibration or relentless 
pulsation; often, all of these at once. In dealing with such conditions, 











The Marsh Mud Pump Gauge, popular in 

















oil m@n have become about the toughest critics of pressure gauges; so the oil country, is an excellent example 
the preference they have shown for Marsh instruments is a remarkable of Marsh specialization. 
tribute to Marsh accuracy and stamina. 

Yes, Marsh is the oil country’s own gauge— first choice of a great field 4 2 pity 
where precision and ruggedness is a law unto itself. Yet this is only one & . 
example of the preference shown in many fields by men who know p Rep \ 
pressure gauges forward and backward.* yo mS 

Keep this in mind when you select pressure gauges. Why accept less A 


than the instruments preferred by the most critical of pressure gauge users? 





JAS. P. MARSH CORPORATION, 2039 Southport Ave., Chicago 14, Illinois 
Export Dept.: 155 E. 44th St., New York 17, N.Y. 


Jas. P. Marsh products include: A full line and range of gauges in pressure, vacuum . as ‘ 
compound, altitude, hydraulic, sprinkler, ammonia, ounce-graduated retard, test, and Marsh is the gauge on the familiar oil 
diaphragm types. Dial thermometers in rigid stem and remote reading types. A broad country boilers. 

line of steam and hot water heating specialties. Ask for literature. 


MARSH GAUGES 


Marsh alone has 
the “Recalibrator” 
— quickest and best way to 
correct a gauge that has 
been knocked out of adjust- 
ment by improper handling. 








<2, One of a series of advertise- 
“* ments citing examples of this. 
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EXCEPTIONALLY SMALL AND COMPACT 
YET EXTREMELY RUGGED! 


@ R-B-M announces a new line of general purpose magnetic relays, with either 
A.C. or D.C. shunt coils or series coils, for electronic applications. 

Relays are available in standard contact arrangement of single and two pole 
normally open, normally closed; or double throw with light ‘and heavy contacts. 
Four and six pole double throw relays are available with 3 ampere contacts at 
32 volts or less. ‘ 

Insert shows double pole, normally open contactor rated 12 amperes, 115 
volts, A.C., and 6 amperes at 230 volts, A.C. This relay is designed in accordance 
with Underwriters’ specifications and will ultimately carry Underwriters’ Approval 
for Small Devices classifica- ° 
tion. For further information R- B-M DIVISION 
write for Bulletin 570. Ad- Essex WirRE CORPORATION 
dress Department H-9. Logansport, Indiana 





MANUAL AND MAGNETIC ELECTRIC CONTROLS — FOR 
AUTOMOTIVE, INDUSTRIAL, COMMUNICATION AND ELECTRONIC USE 
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‘Phillips Screws Sioned 
Costly Damage by 
Slipping Drivers” 


COLUMBUS SHOW CASE CO: , 


says 


Right 
screw head and run wild... 
with Phillips Screws. 


— No place for a driver to slip out of a 
and it doesn’t 


Below — With any other type screw than a 
Phillips, would require 
slow, careful, and costly driving. 


applications like these 


Excerpts from another of the series of independent 
surveys by James O. Peck Co. of assembly savings 
made with Phillips Screws in leading plants. 


“In show case assembly,” explained the plant manager, 

“you're dealing with expensive, highly finished ma- 
terials. That’s one big reason we’ve been using Phillips 
Recessed Head Screws for over ten years. 


“DRIVER SLIPPAGE ELIMINATED 100%. We went to Phillips Screws 
because we'd had so much driver slippage with slotted 
screws. A driver jumping out of the slot would often 


Typical of the ultra-modern, beautifully finished show cases in which the 
Columbus Show Case Company uses thousands of Phillips Screws. 


PHILLIPS x-“éca SCREWS 


Wood Screws - Machine Screws - Self-tapping Screws - Stove Bolts 
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National Screw & Mig. Co. ~ 

New Engiand Screw Co. 

Parker - Corporation 
National Lock Co. Pawtucket Screw Co. 








gouge finished wood, so that expensive repairs or an 
entirely new piece were necessary. Often -costly plate 
glass would be broken. Phillips Recessed Head Screws 
put a stop to such spoilage completely. 


“NO BURRED HEADS HAZARD. Phillips Screws don’t burr, so 
polishing cloths are not snagged, or merghandise such 
as stockings and underwear damaged. If show cases for 
food, where moisture is present, this freedom from 
burring leaves the plating on screw heads intact so that 
there is no unsightly rusting. 


“DRIVING TIME SHORTENED .. . APPEARANCE IMPROVED. The Phillips 
Recess is so much easier to locate that a “third hand” 
isn’t needed in such operations as fastening together 
two pieces of wood. You start driving sooner and finish 
faster. And the attractive Phillips Head adds an extra 
touch of refinement to the show case design.” 


HOW MUCH COULD BETTER ASSEMBLY SAVE You? Send for the 
complete Columbus Show Case report and 
others, covering wood, metal, plastic products 
... packed with ideas for saving money on your 


assembly line. Mail the coupon TODAY. 
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Phillips Screw Mfrs., c/o Horton-Noyes 
1800 Industrial Trust Bidg., mD-21 
Providence, R. I. 
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Better in every way 


UNITROL simplifies the entire problem of plan- 
ning and installing motor control equipment. No 
extra building construction, no special wall or 
floor preparation, no tedious, costly mounting 
of many-sized enclosures. 


UNITROL consolidates all motor control for a 
group of machines in an orderly out-of-the-way 
unit. Operators have more working space and 
simple, safe, step-saving push button control. 


Tamperproof UNITROL works better. 
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UNITROL’s close grouping of control equip- 
ment, usually widely scattered throughout a 
plant, makes inspection more convenient, safer, 
more certain of regular attention. 


UNITROL soives long-standing prob- 
lems from the very moment it is first 
considered until the last day it is in 
service. In the beginning, it simplifies 
the entire problem of planning any re- 
quired installation of motor control equip- 
ment. Its dimensions are known and its 
layout made part of the floor plans. Its 
cost, too, can be estimated accurately. 
Next, UNITROL saves time and ex- 
pense in installation. No special wall or 
floor preparation is required; no tedious, 
costly mounting and wiring of many- 
sized enclosures. Then, in operation, 
UNITROL consolidates motor control 


to provide more space for machine op- 


The name UNITROL is a 
Cutler-Hammer trade mark 
registered in the United States 
Patent Office. It identifies the 
genuine and original standard- 
ized flexible control center, 
an outstanding engineering 
achievement pioneered by 
Cutler-Hammer, Inc. 
CUTLER-HAMMER 


erators and for materials handling; sim- 
pler, safer, tamperproof push button con- 
trol. And finally, UNITROL simplifies 
the maintenance attention which any 
equipment as important as motor con- 
trol must have. The close grouping of 
controls in UNITROL makes inspection 
more convenient, safer, ‘more certain of 
regular observance. When you next need 
motor control, for a single machine, a 
group of machines, or an entire plant, 
insist on UNITROL. Write today for 
your copy of the UNITROL book. 
CUTLER-HAMMER, Inc. 1310 St. Paul 
Ave., Milwaukee 1, Wis. Associate: Cana- 
dian Cutler-Hammer, Ltd., Toronto. 








